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^ PREFACE. 

%^ It was thought that a book of con- 

, ^ venient size, containing examples of sim- 
^ pie mathematical calculations which come 
^ up every day in the work of practical 
^J. men (a portion of which was originally pub- 
Si lished in Machinery), together with me- 
i thods of solving the problems, and expla- 
^ nations in clear language of the principles 
on which the methods of solution are found- 
ed^ would be appreciated by those whom 
it is intended to serve. 
^ The demand for this little book has 
continued to such an extent that we have 
revised and enlarged it so as to bring it up 
to modern pratice in every particular. 

The Authors* 






MACHINE-SHOP 
ARITHMETIC. 



Chapter I. 

Decimals* 

There are few men who do not under- 
stand vulgar or common fractions, as it is 
plain that ^ means one-half, ^ means 
three-eighths, etc. , and in plain language 
we say that the figure below the line (or 
denominator) shows the number of parts 
into which the number (or whatever is 
being considered) is divided, and the figure 
above the line (numerator) shows how 
many of these parts are being spoken of. 

Decimals or decimal fractions are a 
system in which ten is the base (derived 
from decern meaning ten)^ and is not a fun- 
damental principle. 

In this everything is reduced to tenths, 
hundredths, thousandths, etc., and the 
value is determined by the position of the 
decimal point. 



Taking the number .125 and we read 
the first figure as tenths, second as hun- 
dredths, etc. ; and as there are three figures 
the value must be 125 thousandths or 
iVo'^o , the position of the point indicating 
the value of the decimal fraction. 

Moving the point between the 1 and 
2 we have 1.25, which makes 1 a whole 
number and -^^ the fraction. 

Moving it again in the same direction 
we have 12.5 or 12 and -^. We see then 
that moving the point to the rt^^kf multi- 
plies by ten for every place it is moved 
(and consequently that moving it to the 
left would divide by ten in a similar man- 
ner), and that we can divide or multiply 
by ten by simply changing the position of 
the point. 

If we have common fractions it is very 
easy to change them to decimals by divid- 
ing the numerator by the denominator, 
as in the case of J^ we have 2) 1.000=. 500 
or -iV 

Take the numerator and place a deci- 
mal point after it, adding as many ciphers 
as are likely to be needed, four being a 
very common number to add, as four de- 
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cimal places (or ten thousandths) are usu- 
ally accurate enough for most calculations. 

When we have ^ to reduce to deci- 
mals it is simply an example in long divi- 
sion, the placing of the point being the 
main thing, and we simply divide 1.0000 
by 64 which equals .0156 or 166 ten thou- 
sandths. 

It should be thorougly understood 
that there is no principle involved in using 
this point, it is merely a custom or system 
(although a very useful one), but as we 
find time tables in which 9. 10 means ten 
minutes past nine, although ten minutes 
equals -J^ instead of -i^ as in the case of 
decimals, we see this is always a custom 
and not a fundamental principle. 

Although it is customary to use com- 
mon fractions in many shops, the use of 
finer measurements, such as hundredths 
and thousandths, makes it convenient to 
have a table showing the fractions ordina- 
rily used and their equivalents in decimals, 
and a table of this kind is given at the end 
of this chapter. 

Knowing that all figures to the right 
of the decimal point are decimal parts of 



one (no matter what) and that all figures 
to the left are whole numbers it will be 
readily seen that in iaddition and subtraction 
we place the figures so that the decimal 
points come under each other, as, 

Adding or subtracting 

2.1347 . 4.3257 

2.2532 2.17857 



4.3879 2.14713 

Never mind the number of figures in 
the decimal, place the points in line, add 
ciphers (either mentally or in reality) to 
make them even, and proceed as in ordi- 
nary calculations. 

In multiplication we pay no attention 
to the relative positions of the decimal 
points, but multiply as usual and point off 
in the product as many places as there are 
decimals in both the multiplier and multi- 
plicand, counting from the right. 

As an example we have 3. 125 multi- 
plied by 1.25, or, 

3.125 
1.25 



15625 
6250 
3125 



3.90625 
8 



There being three places in one and 
two in the other we count off five (two plus 
three) from the right and place the point 
between the 3 and 9, making the result 3 

and 90ggg 
«iiiu. 1 * 

The reason for pointing off in this 
manner will be clear if we study the ques- 
tion a little. Taking the example above 
we find the whole numbers to be 3 and 1 
and it is evident that the result cannot be 
either 0.390625 or 39.0625, but must be 
more than 3 and less than two figures, as 
in the last number above. 

Taking the numbers 3.9x4.8 it is 
evident that the answer will be more than 
3x4=12 and less than 4x5=20, as the 
numbers are less than 4 and 5. 

3.9x4.8=18.72 with two figures 
pointed off in accordance with both rule 
and reason. 

It has probably been noticed that in 
placing the denominators under decimals 
(in order to make their value clear) we put 
a figure 1 at the left and as many ciphers 
to the right as there are figures in the de- 
cimal. 

In the case first mentioned we place 



five ciphers to the right of the point, ma- 
king it * 'hundred thousandths.'* 

We have given these denominators to 
make the value of the decimal more clear^ 
although in actual practice it is never done, 
the value being easily reckoned mentally 
by calling the point 1, and adding ciphers 
as before stated. 

Division of decimals is very easy, 
after you learn to neglect the decimal point 
while you are dividing, and then to put it 
in the right place in the quotient (or 
answer). 

Divide as with simple numbers and 
point off as many places in the quotient 
(answer) as the decimal places of the divi- 
dend (number divided) exceeds the deci- 
mal places in the divisor. 

If the decimals in the divisor exceed 
those in the dividend, add ciphers to the 
right of the dividend as far as necessary, 
taking care to count only those used^ 
when placing the decimals in the answer. 

Division being the reverse of multipli- 
cation it seems almost self-evident that 
pointing off should also be reversed. 

If the reasons given before are tho- 
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roughly understood this will be made plain 
'without difficulty. 

Divide 3.24 by 1.2. 

1.2)3.24(2.7 
24 

84 
84 

And as there are two decimal places 
in the dividend and only one in the divisor, 
we point off one place from the right in 
the answer. 

Take another case and divide 8. 1478 
bv .071 

.071)3.1478(44.34- 
2 84 



307 

284 



238 
213 

25 

Forget all about the decimal points 
in the divisor and proceed as before. Then 
as there are three decimal places in the 
divisor and four in the dividend we point 
off one from the right and have 44. 3 for 
an answer. This can be carried further by 
adding ciphers to the dividend, which will 



evidently not alter the />ostium of the deci- 
mal point in the least, but will simply carry 
the answer to more decimal places. 

Not wishing to carry the division to 
more decimal places and as it does not 
come out even we put a plus sign (+) 
after the quotient, showing that it is in- 
complete. 

It does not matter if the divisor is 
larger than the dividend, as in dividing 
.00237 by .0921 

.0921).002370000(.25732H- 
1842 



5280 
4605 

6750 
6447 



3030 
2763 



2670 
1842 



We add four ciphers and make nine 
decimal places in the dividend, and as these 
exceed the decimals in the divisor by five 
places we must point off five places from 
the right and place the point before the 2. 

12 



If you have any doubt as to its cor- 
rectness, multiply the answer by the divi- 
sor and the result should give the dividend. 

It is well to prove work in this way if 
you have any doubts in the matter. 

To divide .3987 by 125.2 

125.2).3987000(.003184+ 
3756 



2310 
1252 

10580 
10016 

5640 
5008 

632 
We have added three ciphers to the 
dividend, making seven decimal places, 
and as there is but one decimal place in 
the divisor, the quotient must have seven 
minus one, or six places. As there are but 
four figures in the quotient we must make 
the six by adding two ciphers to the left 
(in front) of the quotient and placing the 
point in front of the ciphers, making the 
answer .003184. It will be seen that plac- 
ing ciphers to the right would not alter 
the value of the decimal in the least. 
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Divide .96 by .08 

.08).96(12 
8 



16 
16 



As the number of decimal places in 
both dividend and divisor are equal, the 
point would come after the 12 and would 
of course be useless. 

Divide 4.5 by 12.2 

12.2)4. 5000(.368+ • 
3 66 



840 
732 

1080 
976 

104 

As there are four decimal places in 
dividend and one in the divisor we point 
off three places, which brings the point 
before the 3 as shown. 

Table of decimal equivalents on next page. 
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DKCTMAL EQUIVALENTS OF AN INCH- 
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1 
4 

u 

9 
32 

19 
64 

5 

10 

Ii 

H 

8 

25 

64 

13 
32 

?7 
64 

7 
10 

ii 


.25 


1 

8 3 
64 

a 

Id 

u 

8 9 
64 

6 

8 

4J 
64 

u 

43 
64 

1 1 

10 

45 
64 

23. 
3 2 

64 


.5 


3 

n 

if 

.5 1 
64 

13 
16 

7 
8 

Ii 

n 

15 
lO 

_6l 
64 

8 1 
32 


.75 


64 

1 

.jif 

3_ 
64 

1 

10 

5. 

64 

A 

1 

8 

6^ 

ii 

3 
16 

13 
64 

A 
if 


.015626 


.265625 


.515625 


.765625 


.03125 


.28125 


.53125 


.78125 


.046875 


.296875 


.546875 


.796875 


.0625 


.3125 


.5625 ' 


.8125 


.078125 


.328125 


.578125 


.828125 


.09375 


• 

.34375 


.59375 


.84375 


.109375 


.359375 


.609375 


.859375 


.125 


.376 


.625 


.875 


.U0625 


.390625 


.010625 


.890625 


.15625 


.40625 


.6:625 


.90625 


.171875 


.421875 


.671875 


.921875 


.1875 


.4375 


.6875 


.9375 


.203125 


.453125 


.703125 


.953125 


.21875 


.46875 


.71875 


96875 


.234375 


.484375 


.734375 


.984375 
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Chapter II. 

Gmventional Rule for Sqtiafe Root. 

(For explanation of principle on 
which the rule is founded see chapter be- 
ginning on page 72. ) 

Separate the given number into peri- 
ods, by pointing every second figure, be- 
ginning with the unit's place. 

Find the greatest square in the left 
hand period and place its root on the 
right ; subtract the square of this root from 
the first period and to the remainder bring 
down the next period for a dividend. 

Divide this dividend, omitting the 
last figure, by double the root already 
found, and annex the result to the root and 
also to the divisor, multiply the divisor as 
it now stands, by the figure of the root 
last obtained, and subtract the product 
from the dividend. 

If there are more periods to be 
brought down, continue the operation in 
the same manner as before. 

i6 



Example: 

What is the square root of 144? 



• • 



22 



144(12 
1 



44 

44 



The greatest square in the left hand 
period or 1, is 1. Subtracting leaves 
nothing and bringing down the next period 
gives 44 for the new dividend. Doubling 
the root already found gives 2 for a trial 
divisor and trying this in the first figure 
of the new dividend gives 2 for the next 
root figure. Annexing this to the trial 
divisor gives 22 for the true divisor and 
multiplying by 2 gives 44, coming out 
even in this case. Sometimes several trials 
are necessary. 
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Chapter III. 

Conventional Rtile for Cttbe Root* 

(For explanation of principle on which 
the rule is founded, see chapter beginning 
on page 85). 

Separate the given numbers into 
periods, by pointing every third figure, 
beginning with the unit's place. 

Find the greatest cube in the left 
hand period and place its root on the 
right; subtract the cube of this root from 
the left hand period and to the remainder 
bring down the next period for a dividend. 

Divide this dividend, omitting the 
last two figures, by three times the square 
of the root already found; annex the 
quotient to the root. 

Add together the trial divisor, with 
two cipher.** annexed, three times the pro- 
duct of the last root figure by the rest of 
the root, with one cipher annexed; and 
the square of the last root figure. 

Multiply the divisor, as it now stands, 

18 



by the figure of the root last obtained, 
and subtract the product from the dividend. 
If there are more periods to be brought 
down, continue the operation in the same 
manner as before. 

Example: 

What is the cube root of 1728 ? 





1728(12 
1 


300 

60 

4 


728 


364 


728 



By following the rules closely in the 
manner illustrated in the square root ex- 
ample, there will be no difficulty in under- 
standing the operation. 



Chapter IV, 

Formtilas* 

As it is well to become familiar with the 
tools we are to use, the following signs 
are given, with their meanings, before we 
proceed to use them. 

7t called ** pi'* =3. 1416, which is the 
circumference of a circle whose diameter 
is 1. This can be 1 inch, 1 foot or 1 mile, 
and the circumference will be 3.1416 
inches, feet or miles as the case may be. 

d2=d squared or multiplied by itself. 

d^=d cubed or multiplied by itself 
twice, d^=d fourth, etc. 

The small figures at top are called 
exponents. 

V= square root and denotes that the 
square root is to be extracted from the 
number following it; when bar extends over 
other figures, it applies to all beneath it, 
thus -\/2+7=3 (squareroot of sum.) This 
can also be represented by 1/(2 +7) =3 as 
before) the brackets showing that all 

to 



within them are ^to be taken as one 
quantity. ^9+2=3+2=5, as the root is 
only taken from firgt figure because the 
sign does not extend over the other 
figures. 

3 4 

V=cube root, -/= fourth root, 

6 

V= fifth root, etc. Fourth root can be 
found by extracting square root twice. 

.•.= Therefore. 

The signs must be carefully watched, 
as all depends on interpreting them cor- 
rectly; care will do this, however, and 
strict attention should be paid to it. 

Formulas are such a useful feature in 
the arithmetic of the mechanic, or perhaps 
it would be more correct to say abbre- 
viation or condensation of the arithmetic, 
that they should be better known and 
appreciated by him, as they will shorten 
his calculations and help him to become 
much more familiar with the rules used 
in standard practice among mechanics and 
engineers. Knowing from a fairly long 
shop experience that shopmen as a rule 
seem to have a horror of all formula, 
imagining them difficult or puzzling and 
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only useful in confusing those who have 
not had opportunities in mathematical 
education, we wish to show how useful 
formulas are, how they shorten calcula- 
tion, how they economize space, and that 
they are much more convenient to remem- 
ber than long-wipded rules, and wish to 
make them clear even at the risk of being 
too elementary in the explanations. There 
seems no better way of making their sim- 
plicity evident than by showing how they 
are made^ how they are used^ and their 
advantages, ending with illustrations from 
everyday practice. 

To begin with, a formula is simply an 
arithmetical rule in which all words are 
omitted, all the quantities represented by 
letters and figures, and all the operations 
are indicated by signs and by the position 
of the different characters. 

We learn from our arithmetic that the 
area of a rectangle (a figure whose oppo- 
' site sides are parallel and whose angles 
are right angles) is found by multiplying 
one side by the other, or calling one side 
A and the other B, we can say '* A multi- 
plied by B equals the area." To go a 

32 



little farther, to call A=10 inches, 
B=20 inches, then the area will equal 
A(10) X B(20) = 200 square inches. * To 
state this correctly we say: 

Let A = short side of rectangle. 

** B=long '' " 

'* C=area ** ** 
Then C=AxB. 

As one of the handy features of all 
formula is the ease of transposition, or of 
changing the **rule*' to find any one 
quantity, the others being given, we can 
show this nicely in this simple case and 
shall do so as we proceed with other 
problems. We might have the area and 
the short side given to find the long side 
or the area and long side given to find the 
short side. Then as C= A x B, 

*It is evident that the area will be in square 
measure of whatever unit the sides are; in this 
case square inches. The multiplication sign is 
not necessary between letters, as A and B in 
this case, and is often omitted, C=A B meaning 
that C=prcduct of A B. In some English 
works multiplication is denoted by a period 
where we usually place the decimal point, their 
decimal point being placed half way up the 
figure as A.B means AXB, while 3*5=3.5 or 3J^. 
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c c 

B = an A= — , 

A B 

or ill figures, C= 10x20=200, B=^^ 
=20 and A=^=10. Going now to 
another case we take the circle and learn 
that the relation between the diameter and 
the circumference is as 1 to 3. 1416 (near 
enough for practical purposes), or in other 
words, that a circle 1 inch in diameter has 
a circumference of 3.1416 inches, or one 
of 2 inches has a circumference of 6.2832 
inches, so we say: Diameter (d) multiplied 
by 3.1416 equals circumference ia the 
same measure or unit as the diameter, or 
d X 3.1416=r or circumference. This re- 
lation has come to be known as * 'pi* * and 
represented by 7r, which means that the 
sign TT stands for the number 3.1416 as 
;rflr= 3.1 416 X diameter, which of course 
equals the circumference or periphery. 
Having a pulley 10 inches in diameter, 
making 200 revolutions, per minute, we 
wish to find how fast the rim is traveling in 
'eet per minute. The circumference equals 
10 X 3.1416 (diameter X tt ) = 31.416 
inches, which, divided by 12, gives 2.618 
feet. Now to make our formula we say : 



^= diameter in inches. 

;r=3.1416. 

^= circumference in inches. 

dX7t 

Then dxit==c or =c in feet, 

12 

As it is running 200 revolutions per 
minute, 200x2.618=523.6 feet per min- 
ute, or combining this in the formula and 
adding r= revolutions per minute and 
F=feet per minute that rim travels, to 
above notation we have 

cr 

F= — or, 

12 

dXTtxr dicr cr 

F = or or — = 

12 12 12 

10X3.1416X200 31.416X200 

. or = 523.6 

12 12 

feet per minute. 

This can be transposed to find any 
of the quantities and as we wish to be 
thorough in all we do, we transpose as 

follows: 

c dXfcxr F 

c=dX Tt, and </= — , F= or ^= 12 

ic 12 Ttxr 

because, d being in inches and F in feet, 
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it is evident that the speed in feet, divided 
by * *pi* ' times revolutions, must be multi- 
plied by 12 to reduce it to inches. Then 

FX12 523.6X12 6283.2 



r= = = = 200 

nxd a.UHXlO 31.416 

and with these three transpositions of the 
formula any desired factor can be obtained. 

Taking the area of the circle next we 
learn that the diameter squared (multip- 
lied by itself) and multiplied by the con- 
stant number .7854 gives the area. The 
area of a cylinder 12 inches in diameter 
will then be 12 x 12 X .7854 = 113.09 
square inches; calling the diameter d^ and 
a the area, we say flf^x .7854=^. 

What is the total pressure on a steam 
piston 10 inches in diameter, steam pres- 
sure IQO pounds per square inch? In 
this case ^=10, then ^2 x. 7854== 10x10 
X .7854=78. 54 X 100=7854 pounds total 
pressure on piston. Now taking a cy- 
linder twice this diameter, with the same 
pressure, we then have 20 X 20 X. 7854= 
314.16x100 = 31,416 pounds of total 
pressure, or four times the former case, 
although the diameter is only twice as 

26 



large. This brings us to the 'law of 
squares/' which is simply that areas of 
similar figures vary as the squares ofsimi" 
lar dimensions^ diameter in this case, the 
other cases will come later. This shows 
that in any cylinder, tube or shaft, the 
areas vary as the square of the diameters, 
and that a 2 inch tube has four times the 
area of a 1-inch tube, or a 3 inch cylinder 
has 9 times the area of a 1-inch cylinder 
(because 3x3=9, while 1x1=1), while 
the areas of two holes, 3 and 5 inches re- 
spectively, are as 3x3=9 and 5x6=25, 
or as 9 is to 25, or if one will pass 9 cubic 
feet of air or water per second, the other 
will pass 25. 

Haying found the area of a shaft, 
we have only to multiply this by the 
length to find the volume of cubical con- 
tents, and knowing this, we can estimate 
very closely the weight of different sub- 
stances, by multiplying the number of 
cubic inches it contains by the weight of 
one cubic inch of the material. 

Putting this into a short formula we 
have: 

^=diameter in inches. 
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/ 

/= length in inches, or — = length 

12 
in feet. 

^= constant. 

Then ^/^ x. 7854 x/X^r= weight of 
any round shaft or bar. 

What will a steel shaft 2 inches in 
diameter and 10 feet long, weigh ? Refer- 
ring to table of weights of metal in Kent's 
Pocket Book, we find steel given as .283 
pounds per cubic inch — then in this case 
^=.283 Then 2x2x.7854 xl0xl2x 
.283=106.68 pounds as weight of shaft. 
Transposing once more we find that as 
^2x.7854x/= cubical contents (a), then 



.7854X/ 
or square root of 

376.99 



.7854X120 

376.99 being the cubical contents of the 
shaft in question. 

This must now be solved, and the 
square root of this result equals d. In the 
»ame way we transpose for /, when 
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/= 

If a shaft must have a certain weight, 
first divide this by the weight per cubic 
inch, which will give the required cubical 
contents, and the result can easily be found 
by the formulas given. Of course we can 
transpose the whole formula, including 
weight, but it would only add to the num- 
ber of formulas without being necessary. 

Before going on with useful shop for- 
mula, let us take a * 'horrible example*' 
and see how it is solved, which will per- 
haps clear up some of the mysteries better 
than the simple formulas. Taking 



di 



^2— 



2b 



where a=3, ^=5, ^=4. The fraction 
being enclosed in the brackets, indicates 
that it is to be considered as one quantity, 
and after being squared, subtracted from 
€?, and the square root of this difference 
multiplied by 



b / ("9-1-26 

-;orV9— 

2 2x5 



-16^2 
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Taking the fraction, 



94-25—16 
2X5 



2 



we 



34—16 18 

have =—=1.8 Then squaringf 1.8 

2X5 10 . 

we have 3.24 Subtracting this from 9, 

gives 5.76, and square root of this is 2.4 

which multiplied by 

^5 5 

-, which is-, gives 2.4X-=6=A. 

A A m 

If the brackets included all the fig- 
ures under the vinculum (bar from the 
square root sign ) the calculations would be 



V 



94-25—16 

9 

2x5 



2 



(9— 1.8)2 = ^7.22 = 7.2= A, so 
that special care must be taken to follow 
the signs correctly. These particular 
points will be shown as we proceed. 

Taking the formula for the area of a 
ring where ^=.7854 {D^—d^) 
Z>= outer diameter. 
^= inner diameter. 

A=^2LVQdL in square measure of whatever 
unit the diameters are given in, if D and 
d are inches, A will be square inches, etc. 

Z7=10 inches, d=^^ inches. Then A 
=.7854 X ( Z?2— flf 2 ) . The brackets denote 
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that this part must be solved first. 10x10 
=100, 6 X 6=36, 100—36=64. A= .7854 
X 64=50.26 square inches. By adding 
/= length; to the formula we can find the 
cubical contents and weight of any hollow 
cylinder or pipe, and calling this one 12 
inches long we have 50.26x12=602.6 
cubic inches, from which weight can be 
^ound for any material. 

As an example of working backwards, 
find the thickness of a cast iron cylinder 
whose outer diameter is 10 inches, length 
15 inches, and which must weigh 200 
pounds. Cast iron is given as .26 pound 
per cubic inch. So dividing 200 by .26 
we find that (200-J-. 26=769. 23) 769.23 
cubic inches are necessary to make the 
required weight. Dividing this by the 
length, 15 inches, we have 51.28 square 
inches as the area of the ring whose outer 
diameter is 10 inches. Then we can say 
51.28 (^)=.7854x (100—^2) ^nd trans- 
posing we have 



i^yn^ =V 



51.28 

100 

.7864 .7854 



1/34.71=6.89 

inches internal diameter. 
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Chapter V. 

Mensuration* 

This can be called the measuring or 
computing of surfaces, areas and volumes 
of bodies, and is very useful to the 
mechanic in many ways. Taking a tri- 
angle first, figure 1, as this has the least 
number of sides of any figure; we discover 
that all the sides and angles are equal, 
hence it is called an equilateral triangle. 
Either half of it, as laid out by the dotted 
vertical dividing line, is called a right 
angled triangle because it contains one 
right angle. 

A right angle is one formed by two 
lines perpendicular to each other or with 
an opening of 90 degrees or one- quarter 
the number of degrees of a complete circle. 

This can be more readily seen in 
figure 2, if we take O as a center, and note 
that the four angles G O E, E O H, H O F, 
and FOG are all equal, and all are right 
angles. 
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The base of a triangle or other figure 
can be defined as the side on which it 
rests, in the case of figure 1, the base of 
the equilateral triangle A B C is the line 
B C, and half the base will of course be 
C D or D B. 




The vertical height is shown by the 
line A D, and can be defined as a line 
perpendicular to the base and connecting^ 
it to the point or apex. 

It is plain that if we took the right 
hand side and placed it on the upper left 
handy as shown by the dotted lines, we 
have made a rectangle and that the area 
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will be the height multiplied by the base 
C D. But as we only have the dimensions 
of the sides of the triangles and not the 
vertical height, we must find this before 
we can find the area. 

In a right angled triangle the square' 
of the hypothenuse or slanting side, equals 



K 



B 



/ 



k. 



/ 



v 



o 



D 



n 



Fig. 2. 



the square root of the base plus the square 
of the vertical height, or calling the vertical 
height a, the base b and the hypothenuse 



c we say {?^= c? + 1^ or ^= \/a^ + 
But as we know ^ to be 2 inches and the 
base b 1 inch (one half of c) we must find 
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a. Transposing the formula we have 
a^^c^—i^ or a= V^ — ^ and l^^fi—a^ 
or ^= ^|^ — c?. 



Then a= \/4— 1=1.733 inches. 

The area then equals 1. 733 X 1=1.733 

square inches. 

The usual rule is to multiply the 

height by the base and divide by two, 

and as the base of the whole triangle is 

2 inches we say -^—^ =1.733; a litde 

reasoning shows this. 

Taking the square we have a simple 
form to find the area, simply multiplying 
one side by the other, or squaring. 

The diagonal or hypothenuse is 
found in the same way as with the triangle 
although it is often more convenient to 
multiply the square of one side by 2 than 
to add both together, and of course it 
brings the same result. 

For example, having a 3 -inch square 
to find the diagonal. 

<^=^+a2 or ^= V^H^ or ^= yfW, 

c^ V9T9 or ^: = 72 x 9 = yf\E=^ 4.24 
inches as diagonal. 

We can work this backward and 
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solve a practical problem at the same 
time. We want a square reamer to ream 
a hole 8 inches in diameter; what will be 
the dimension of the flat sides? The 
diagonal is what reams the holes and this 

must be 3 inches, so we have c= ^Jc?-\-S^^ 
and ^=3 inches. 

To find a we have a= V^ — ^ or 
knowing that a and b are the same and 
that ^=tf^+^ we can say c^-\-}?z=^fi or 

a2=^^ or a= -^YiC^* 

As £r=3, c2=:9, and % of 9=4.5, 
then the square root of 4.5=2.121 inches 
which gives the side of reamer. 

Calling the square in figure 2 one 
inch each way, we know that its area must 
be one square inch. Dividing this into 
quarters as shown, will aid in dispelling 
a little fog which too often arises in the 
matter and which leads some to claim 
that because a square whose sides are one 
inch contains one square inch, a square 
whose sides are ^ inch contains J^ a 
square inch. 

A glance at the figure shows this area 
to be ^ of a square inch and figures back 
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it up by saying % X J^ = J^ or.5x .5=.25. 

A rectangle is subject to the same 
laws as a square and triangle, the area 
and diagonal being found as with square. 

The rules for circles were given under 
the chapter on "formula" and need not be 




repeated, although a few Examples will be 
given later. 

The square is also a rectangular fig- 
ure, that is all its angles are right angles; 
its sides are also equal. The figure A B H 
G in figure 2 is also a rectangle although 
not a square. 

Figure 3 is a hexagon (meaning six 
sided figure), and the area can be found 
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by dividing it into six triangles as A O B, 
B O C, C O D, etc. , and after finding the 
area of one triangle, the whole area can 

A B 




Fig. 4. 
be easily calculated. A handy table has 
been worked out as follows. 

Area of Regular Figures, 
l^umber of Number of 



sides. 
3 
4 
6 
6 
7 



Constant. 

.433013 

1. 



sides. 

8 

9 
10 
11 
12 



Constant. 
4.828427 
6.181824 
7.69420C 
9.365640 

11.196152 



1.720477 
2.598076 
8.633912 

To use this table, square (multiply 
by itself) the length of one side and multi- 
ply by the constant. 
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Taking the octagon in figure 4 we 
can either calculate its area by dividing 
it into the numerous parts shown; into 
triangles as B O C, F O G, etc. , or into 
rectangles as H C D G, A B J I, and 
L K E F, with the four triangles H I A, 
B J C, etc. , and it is best to know how to 
do this as the table may be mislaid. But 
taking the table and calling one side, as 
B C, 2 inches, we square this (2x2), and 
have 4x4.828427=19.318708, as the area 
of the octagon. The area of any other 
regular figure (having sides and angles 
equal) up to one with twelve sides, can be 
found by using the table as shown, still it 
is well to know how to work them out 
without the table. 

The formula for the area of a ring 
was given in chapter 4, but in figure 5 we 
have a case which might readily puzzle 
one at first glance. 

Call the outer diameter of the shaft 
10 inches and the whole which is eccentric 
to the shaft, 5 inches in diameter; what is 
the area of the one sided ring ? 

Of course the area is exactly the same 
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as though the hole was in the centre of 
the shaft, and we use the formula: 

Area=.7854 {L^—iP) as before. 

A little study will set these problems 
straight. 




Fig. 5. 

Another problem in calculating. weight 
will give a very good illustration. 

What will be the weight of a turret 
as shown in figure 6, with an outside diam- 
eter of 20 inches, depth of 6 inches, center 
hole for stud 3 inches, and having 6 holes 
for tools, each 2 inches in diameter. First 
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calculate for volume as though it was 
solid. 

Z^X.7854=areaoftop (or bottom). 
Area X depth = cubical contents. 
20x 20x. 7854=314. 16 sq. inches. 
314.16x6=1884.96 cubic inches. 




Fig. 6. 

Now deducting the various holes. 
Central hole of 3 inches diameter by 6 
inches long. 3 x3x. 7854 =7. 0686 and 
7.0686 X 6 = 42.4116 or 42.41 + cubic 
inches. 

Taking holes next, we find that as 
the turret is 20 inches in diameter and cen- 
tral hole 3 inches, the amount of solid 
metal in line with the diameter must be 20 
— 3=17 inches; or each hole must be 8j4 
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Inches long as 8>^ + 3+8>^=20 inches, 
the diameter of turret. 

A hole 2 inches in diameter by 8}4 
inches long gives 2x2x. 7854=3.1416 X 
8.5=26.70 cubic inches each. Six holes 
will give 6x26.70=160.20 cubic inches 
for the six holes. Collecting the different 
volumes to be deducted, we have 42 41 
cubic inches for central hole, plus 160.20 
cubic inches for the six tool holes gives 
42.41+160.20=202.61 cubic inches to be 
deducted from 1884.96 cubic inches. 
1884.96— 202 61=1682.35 cubic inches, 
the total volume of turret. 

Taking cast iron at .26 pounds per 
cubic inch we have 1682. 35 X .26=437.51 
pounds. This is not absolutely correct 
owing to the slight difference between the 
curvature of the outer diameter of turret 
and the central hole, but the difference is 
so small as to be of little consequence. 

The ball or sphere is not often met 
with in practice, but it is well to know how 
to calculate its surface and contents. 

The surface of a sphere is found by 
multiplying the area of a circle of the same 
diameter by 4. 
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A 10 inch sphere or ball will have a 
surface equal to four times the area of a 
circle of the same diameter, or in formula 
language: /?2x. 7854x4 or (ZP^x 3.1416) 
=surface of sphere. 10 X 10 X. 7854= 
78.54x4=314.16 square inches, as sur- 
face of a 10 inch ball. 

The cubical contents or volume of a 
sphere is found by multiplying the surface 
by }i the radius or by \ the diameter. 

In our 10 inch sphere we have 314.16 
square inches multiplied by \ of 10 or If 
=523.6 cubic inches. 

Another and perhaps easier rule is to 
multiply the cube of the diameter by \ 
**pi'' (or .5236, as 3.1416-j-6=.5236). 

This gives diameter cubed or 10 X 10 
XlO=l,OOOx. 5236=523.6 cubic inches 
as before. 

The cone is another form which it is 
sometimes handy to know about, as for 
example the lathe center you use in every- 
day work. You can easily calculate the 
surface and weight of all except the point, 
but how shall we find that except by guess- 
ing at it 7 The wise men of old solved 
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that as they did much else that we use 
without thanking them. 

The curved (convex in this case) sur- 
face of a cone equals the circumference of 
the base multiplied by half the slant height 
or side. 

Take a lathe center one inch in diam- 
eter at the base and if it is ground to 60 
degrees the slant side will also be one inch. 
Then 1 X 3. 1416=3. 1416 X j4(>^ of 1) 
1.5708 square inches surface. 

The volume or cubical contents equals 
the area of the base multiplied by }i the 
vertical height^ not the slant height. 

Here we must use our triangle form- 
ula to find the height, and we have the 
hypothenuse as 1 inch, the base as J^ inch, 
so we say 1x1 — .5x.5=l — .25=. 75. 

Square root of .75 =.866. 

Then the area of base equals 

1 X 1 X .7854 = .7854; .7854 X >^ of 
866=.7854x. 288=. 2261 of a cubic inch. 

Take a block of steel like figure 7, 
and estimate its weight, the dimensions 
being as given in the figure. 

This is simply a case of careful calcu- 
lation and it can best be done dividing it 
into sections as shown by the dotted lines 
and coinouting each section^ separately, 
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noting and adding each section and. not 
forgetting to deduct the half-round groove 




Fig. 7. 

on top of the block. The bottom block 
will be 10 X 8 X 2= 160 cubic inches. 
thenext6x8xlj^=60 ** 
the top 4x8x1=32 *' 



i< 



<( 



<( 



Total (not deducting 

groove), 252 " 

A one inch circle is 1 X 1 X .7854=. 7854 
square inches X 8=6.2832 cubic inches, 
and as the groove is half round we divide 
this by 2 making 3.1416 to deduct from 
252=248.8584 cubic inches. 

A cubic inch of steel weighs .283 
pounds and 248. 85 X .283 = 70. 424 pounds. 

The following table of metals giving 
the weights per cubic inch may be useful 
in calculations of this kind. 
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Note. — The wide variations in tensile strength are 
due to the different forms and qualities of the metal 
tested. In the case of lead, the lowest strength is for 
lead cast in a mold, the highest for wire drawn after 
numerous workings of the metal. With steel it varies 
with the proportion used in mixing, which is varied 
according to the grade required. Mercury becomes 
liquid at 89 degrees below zero. 
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Chapter VI. 

Rules for Selecting Change Gears for 
Screw Cutting. 

(For explanation of principle on which 
these rules are founded, see Chapter 
XVII., page 98.) 

First look over the lathe and see how 
it is made; see if the change gears go di- 
rectly on the spindle and the leading screw. 
If not, ascertain how many revolutions the 
stud which takes the first change gear 
makes, to one revolution of the spindle, 
or how many revolutions the stud that 
takes the last change gear makes to one 
revolution of the leading screw, or both. 

Multiply the number of threads per 
inch in the leading screw by the number 
or numbers found, as above, and assume 
the result to be the number of threads per 
inch in the leading screw. 

Examples: Number of revolutions of 
spindle to one revolution of stud that 
takes the first change gear=2. Number 
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of threads per inch in leading screw =4. 
Then 4x2=8, the assumed number of 
threads per inch in the leading screw, or 

Number of revolutions of stud that 
takes the last change gear, to one revolu- 
tion of leading screw=2. Number of 
threads per inch in leading screw =4. 
Then 4x2=8, the assumed number of 
threads per inch in the leading screw, or 

Number of revolutions of spindle to 
one revolution of stud that takes the first 
change gear =2, and number of revolu- 
tions of stud that takes the last change 
gear to one revolution of leading screw 
=2. Then 4x2x2=16, the assumea 
number of threads per inch in leading 
screw. 

Then take the number of threads per 
inch desired to be cut, and the assumed 
number of threads per inch of the leading 
screw, and divide the larger by the 
smaller to get the ratio. 

This, ratio must exist between the 
gears to be used, therefore: 

Select any gear and multiply the 
number of teeth by this ratio to find the 
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number of teeth in tlie other gear. The 
ratio will usually come in the form of a 
mixed number. 

Example: Assumed number of threads 
per inch in leading screw =16. 

Number of threads per inch desired to 
becut=14. Thenratio=l^=lf [Re- 
duce all fractions to lowest terms, '\ 

In order to select two gears, one of 
which has l^- times as many teeth as the 
other, it is evident that the other gear 
must have some number of teeth that can 
be divided by 7. 

Therefore, if there is no change gear 
with the lathe, with a number of teeth 
which can be divided by 7, the number of 
threads per inch desired cannot be cut on 
that lathe. 

When it is known that the number of 
threads can be cut on the lathe, it is 
usually easier to proceed thus: 

Ascertain the number by which the 
teeth of the change gears increase, and 
multiply the assumed number of threads 
in leading screw and the number of threads 
desired to be cut, both by this number. 
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Example: Number by which teeth of 
change gears increase=4. 

Assumed number of threads in lead- 
ing screw =8. 

Number of threads desired to be cut 

=7. 

Then 

4x7=281 - ^ . . 

4 X 8=32 f *^^ gears required. 

If these two gears are not in the set, 
multiply both by any number that will 
give gears that are in the set. 

When the thread desired to be cut is 
coarser than the assumed number of threads 
of leading screw, put the larger gear on 
the spindle (or stud connected with the 
spindle) and when the thread desired to 
be cut is finer than the assumed number of 
threads of leading screw, put the smaller 
gear on the spindle. 

V^Yitn fractional threads are desired 
to be cut, multiply both the fractional 
number and the assumed number of threads 
of leading screw, by some number that 
will raise the fractional number to a whole 
number. Example: 



Number of threads desired to be cut 

Assumed number of threads of leading 
screw=8. Then 5^x4=23; 8x4=32 
and 32 -T- 23=1^, the ratio required, or, 
if there are change gears of 23 and 32 
teeth with the lathe, there is no occasion 
for further figuring. 

Practical hint: Measure the thread 
being cut to be sure no error has been 
made in calculating the gears. 

NOTE. 

A thorough understanding of Chapter 
XVII. is all that is necessary to enable 
the student to easily calculate compound 
gearing. 
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Chapter VII. 

Depth of V Threads* 

It is easy to find the depth of a thread 
from a catalogue or other book of refer- 
ence, but it is best to know the **why" 
of things as we go along. 

A V thread is an equilateral triangle 
(as the angles are all 60 degrees and the 
sides of the same length), and the two sides 
and the distance between threads will be 
the same. 

Referring to figure 1, we have a tri- 
angle whose sides are 1 inch, and, of course, 
representing a 1 inch pitch of thread. To 
find the depth of the thread we must find 
the height of the triangle, and we know 
how to do this from the chapter on men- 
suration, which says: *'The square of the 
hypothenuse minus the square of the base 
equals the square of the height." 

The base is of course just one-half the 
distance between threads or ^^ inch, so we 
have 1x1=1 minus >^X>^ = ^=1 — % 



= ^ which equals the square of the 
height. 

Then the square root of ^ (or .75) 
equals the bright and the square root of 
.75=.866+as the depth of this thread of 
1 inch pitch. 

It is evident that if we wish to count 
the depth of the thread on both sides of 
the bolt or tap we must double this and 
use 1.733 which is the double depth. 

Now, if we have a thread which is 4 to 
the inch, we can find its single depth by 
dividing .866+by 4 which gives .2165, or 
dividing 1.733 by 4 gives .433 for the 
double depth; the same as multiplying the 
first by 2. 

It is easier to remember that a one 
inch thread is .866 of an inch for single 
depth or 1.733 for double depth (counting 
both sides), and it brings us to a very 
handy formula used in Chapter VIII. 
made from this data, which is easily re- 
jnembered and which will be useful to the 
machinist and tool maker. 
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Chapter VIII. 

Drilling for Taps* 

It frequently happens that when we 
want a tapped hole in a piece of work, 
the table of tap drills that we have saved 
is somewhere else, so we usually guess at 
the size. 

But there is a very handy little 
formula which can be easily remembered 
and worked out with a piece of chalk 
when occasion requires. 

For V threads it is: 

S= T—^ in which 

3= size of drill 

7= outside diameter of tap 

A^= number threads per inch. 

A .75 inch tap with 10 threads will 

then require: 6'=.75— ^=x.75— .1733 

=.6767, or practically .58, although a ^ 
inch drill will generally be used as it 
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allows a little, .02 on a side, for being 
forced up by the tap. 

In cast iron it is better not to allow 
a perfectly full thread as the sharp edge 
crumbles and is apt to spoil the thread 
when unscrewed, so an allowance of .02 
or .03 on a side for fairly coarse threads, 
over 10 to the inch, is good practice. 

For United States Standard threads, 
which are only ^ the depth of a V thread, 
the formula has a different constant, being 

1.3 

1 3 instead of 1.733 and reads S= T— — . 

N 

Taking the same case as before we 

1.3 

have 6*=. 75— — =.75— .13=. 62 or f^ 

10 ^ 

inch without any allowance, but as the 
U. S. S. thread has a flat top and bottom, 
this is not necessary, even for cast iron, 
and no allowance need be counted on. 

In fact we might use the U. S. S. 
formula in nearly any case, as in the V 
thread it allows for crumbling of cast iron 
and the forcing up of wrought iron. 

Judgment, gained from experience, 
will tell you how much to allow, if any. 
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But suppose you are a tool maker and 

have a die to make, which is to cut an 18 

V thread, 2.25 inches in diameter. 

1 733 

Then 5=2.25—^ — =2.25 — .09 = 

18 
2.16 inches, which is the correct size to 
bore the die to allow a full thread. 

For the U. S. S. thread the applica- 
tion is the same, using 1.3 instead of 
1.733, and this will be found very handy 
by any tool maker. 
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Chapter IX. 

Bolts and Ntrts* 

The thickness of a bolt head and nut 
is practically the same as the diameter of 
the bolt for rough bolts — for the finished 
bolts it is 1^ of an inch less. 

Diameter of rough bolt heads equal 
one and one-half times diameter of bolt, 
plus }i of an inch. 

Or calling diameter =Z? we have: 

Diameter of rough bolt head =1)^/7 

Thickness of head of ordinary nut=D, 
Of check or lock nuts= j^ D, 
Having the diameter **across the 
flats'* given (the usual way and the diam- 
eters as meant above) it is sometimes 
handy to know the diameter across the 
comers. 

Multiply the diameter as given above 
by 1.414 for a square nut and by 1.156 for 
a hexagon nut and you have the diagonal 
or long diameter (or distance across 
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comers). A nd having this diameter given, 
the regular or **flat" diameter can be 
found by dividing by numbers 1.414 and 
1.156 as given above. 
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NOTE.—Shearing strain at bottom of thread at 10000 
lbs. will be same as "stress" at same tension. 
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Chapter X. 

Speed of Pu IleyB and Geaf8« 

In making calculations concerning 
speeds for driving machinery there is no 
rule so much used as proportion. 

Ifonemancan lift 200 pounds, two 
men can lift 400 pounds, so we say, as 1 
man is to 2 men so is one man's work 
(200 pounds) to two men's work (400 
pounds). We write this 1 :2 : :200 :400 the 
signs reading as 1 is to 2, so is 100 to 400. 
Now if we say that 2 men can lift 400 
pounds and we wish to find what 1 man 
can lift we say 2:1::400:200. Take an- 
other case: 

A 36-inch pulley is running 200 revo- 
lutions per minute and driving a 12-inch 
pulley — how fast is this running? Now 
by a little reasoning we know the small 
pulley is running faster than the larger 
one which is driving, so we say as 
12:36::200:the answer. The rule for solv- 
ing these problems is multiply the means 
(the second and third terms) together and 
divide by one of the extremes, to find the 
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other — the extremes being the outside 
figures or the first and fourth terms as 
they are called. To make these more 
clear we may see that the first and fourth 
terms multiplied together gives the same 
result as multiplying the second and third 
terms or 1st X 4th = 2nd X 3rd or * * means " 
= ** extremes." Taking the problem in 
hand and we have 12:36::200:? We have 
1st, 2nd and 3rd terms and multiplying 
2nd and 3rd terms we have 36x200 
=7200. The fourth must equal that 
number which, multiplied by the first, will 
also equal 7200 or 7200-^12=600. We 
can shorten this a little in this case by 
noting that 36=3x12 and saying 1:3:: 
200:600 or simply multiply 200 by 3, 

A 12-inch pulley runs 250 revolutions 
per minute and is to drive a machine at 
150 revolutions, what size pulley must be 
on the machine ? The driven pulley must 
run slower than the driver, hence must be 
larger^ so knowing the answer must be 
larger, we say, as 150 : 250 :: 12 : answer. 
250 X 12=3000-^ 150=20 inches. It will 
be noted that the first and second terms are 
of the same kind of things, revolutions in 
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this case, and that the third and fourth 
terms are also similar, so knowing what 
the answer must be, whether inches, revo- 
lutions or dollars, you know which to 
make the third term. 

If it takes 67 pounds of metal to make 
13 castings how much will it take to make 
8 castings? The question is how many 
pounds, then 67 pounds is the third term. 
If 67 pounds makes 13 castings, it will 
evidently take less to make 8 castings, 
so put the less number for the second 
term and have as 13:8::67:answer=41.2 
pounds. 

A grinder must run 1600 revolutions 
and has a 6-inch pulley, the line shaft runs 
200 revolutions, what size pulley must go 
on the line shaft ? As answer must be the 
size of pulley, make 6 inches the third 
term. Grinder must run faster than line 
shaft, so driving pulley must be larger 
than pulley on grinder so make larger 
number the second term. Then as 200: 
1600 ::'6 : 48 or as 1 : 8 :: 6 : 48, so that 
pulley on shaft must be 48 inches. 

In figuring for pulleys or gears re- 
member that when the: 
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Driving pulley is larger than driven 
k runs slower than the driven. 

Driving pulley is smaller than driven 
it runs /aster than the driven. 

Driven pulley is larger than driving 
it runs slower than driving. 

Driven pulley is smaller than driving 
it runs faster than driving. And that 
when the desired revolutions of the: 

Driven are less than those of the 
driver, the driven pulley must be the 
larger. 

Driven are more than those of the 
driver, the driven must be the smaller. 

Reason these out and then prove 
them by calculation. 

Gears which run together can be taken 
the same as pulleys, either by calculating 
from the number of teeth or the pitch 
diameter. 

Proportion is a labor saver, and only 
takes a little reasoning to be thoroughly 
understood. Compound proportion need 
hardly be considered here as it niight 
cause confusion. You can work out all 
you are likely to need with the simple 
proportion given. 
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Chapter XL 

Calculating Speed of Milling Ctittefs— 
Drills— Of Work* 

Call ar= diameter of rotating piece in inches. 
►S= surface speed in feet per minute. 
«= revolutions per minute. 

itxdxn 

Then 5= or ,2^\%xdxn\ 

12 

5 3.82X5 



w= 



d= 



.2618^ n 

For example take a piece of work or 
milling cutter 4 inches in diameter, run- 
ning 100 revolutions per minute. 
3.1416X4X100 

Then 5= or .2618 X 4 x 100 

12 

= 104.72 feet per minute. 

Taking another case, we want a 10- 
inch emery wheel to run 5,000 feet per 
minute; how many revolutions per minute 

shall it run ? 

5 5000 
n= = =1909+ 

.2618Xrf .2618X10 
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Approximate revolutions may be 
found by multiplying speed in feet per 
minute by 4 and dividing by the diameter 
in inches. 

By this method we have 5, 000 x 4^ 10 
=2,000 revolutions, which is not bad for 
quick estimating. 

If we wish a milling cutter to run 200 
feet per minute and the machine can only 
make 70 revolutions, what diameter must 
the mill be. 

3.82X200 

Thend= =10.91 inches in 

70 

diameter. 

The constant 3.82 is obtained by di- 
viding 12 (inches to the foot) by 3.1416, 
so the result is the same as: Speed in 
feet per minute multiplied by 12 (to re- 
duce to inches) and this divided by 3.1416 
and the revolutions per minute, so we see 
there is nothing mysterious about these 
constants. 

A handy table to consult is given by 
Messrs. Beaman & Smith, of Providence, 
R. I., as follows: 
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TABLE OF CUTTING SPERDS. 
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Chapter XII. 

Speeds of Drills and Taps* 

It will be seen later that the tapping 
speed varies from ^ to i of the drilling 
speed, which will be a good thing to re- 
member when tapping by power. And 
we wish to caution the reader that these 
figures, the same as much other data, are 
especially valuable as a guide only, not to 
be followed absolutely, as the hardness of 
all the metals vary, and while the figures 
are probably correct as an average, judg- 
ment and the manner in which the drill 
and the tap stands the work should deter- 
mine the speed to be used. 

If you try the speed given in the table 
and keep as near it as you can, you will 
not be far wrong. 

While some consider that the speed 

should vary directly with the diameter and 

a 2 inch drill run half as fast as a 1 inch drill, 

modern practice follows more the speeds 
shown in table. The same can be done 

for tapping speeds. 
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As to drill feeds, the Morse Twist 
Drill and Machine Co. advises 160 revo- 
lutions per inch of depth for sizes from ^ 
to ^ inch diameter; 120 to 140 for ^ to 
}4 inch diameter; for ^ inch 100 revolu- 
tions and for 1 inch drill 95 revolutions. 
Others recommend .002 to .005 inch per 
revolution. A revised table follows : 



SPEED OF DRILLS AND TAPS* 



Diam. 
of drill 


DRILL SPEED IN 


•TAP SPEED. 














in 
inches. 


Soift 
steel. 


Cast 
iron. 
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Steel. 


Cast 
iron. 
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•Tap speed recommended by Granger Foundry and 
Machine Co., Providence, R. I. 
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Chapter XIII. 

Speeds of Gf indstones* 

Grindstones are usually run too slow 
to give best results and a little data may 
be of use. 

Ohio stones will safely stand a surface 
speed of 2600 feet per minute, while a 
Huron stone can be run at 3500 to 4000 
feet per minute with safety, the smaller 
figure being advised. 

As we know from Chapter IV that a 
stone one foot in diameter has a circum- 
ference of 3.1416 feet, then if we divide 
3500 by 3.1416 we have 1114 as the num- 
ber of revolutions per minute a Huron 
stone of this diameter must make, to have 
a surface speed of 3500 feet per minute. 
Dividing 2500 by 3.1416 we obtain 795 
revolutions per minute for an Ohio stone 
one foot in diameter. 

Calling the permissible speed of a 
Huron stone one foot in diameter, or 1114 
revolutions per minute, and of an Ohio 
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stone 795 revolutions, we can find the 

correct speed for any diameter by dividing 

the constants above by the diameter in 

feet. Taking a Huron stone Sj4 feet in 

diameter, we have 11144-3.5=318.2 re- 
volutions per minute. 

This may be objected to as being apt 
to throw water, but as we are after econo- 
my in grinding we can, if we will, prevent 
the throwing of water by a brush or wiper 
on the **up*' side of the stone. 

Emery "Wheels. 

The speed generally advised by mak- 
ers is 5500 feet per minute, from which 
we can easily calculate the speed for any 
diameter by multiplying the diameter in 
inches by 3.1416, and after reducing to 
feet, dividing 5500 by it. 

A 10-inch wheel would give us 10 X 
3.1416=31.416 inches or 2.6 feet. 

5500-r2.6=2108 revolutions. 

Working this down to an everyday' 
basis we can say that a wheel 1757 feet in 
diameter (55004-3.1416) could only re- 
volve once per minute to make the re- 
quired speed, or reversing the proposition 

69 



a wheel one foot in diameter must revolve 
1757 times to make 5500 feet per minute. 

As we speak of wheels mostly in 
inches however, let us reduce this to inch- 
es by multiplying by 12 and we have 
1757x12=21084 inches. 

A wheel 21084 inches in diameter 
must revolve once per minute or a one 
inch wheel revolve 21084 times per minute 
for the right speed. 

So keeping this for a constant number 
we can find the correct number of revolu- 
tions by dividing the constant by the dia- 
meter in inches^ or having an emery 
grinder which runs at a fixed speed, we 
can find the right diameter wheel to use to 
get best results. 

Having an 8 inch wheel we wish to 
know how fast it must run to have the 
required surface speed ? 

2 1 084 -r- 8 =2635 revolutions. 

An emery grinder spindle funs 1800 
revolutions per minute, what diameter 
wheel shall we use ? 

21084-^1800=11.7 inches. 

The grindstone figures can be worked 
the same way and gives 2500x3. 1416 X 



12=9550. And 3500 x 55.1416 X 12 = 
13370, for the Ohio stone and Huroii 
stone respectively. 

Polishing IHaeeU. 

Wood, leather covered, 7000 ft. per minute 
Walrus hide, 8000 ** • 

Rag wheels, 7000 " '* 

Hair brush wheels, 12000 " " 
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Chapter XIV. 

Principles of Square Root« 

It iftay easily be imagined that once 
upon a time some person while investi- 
gating mathematical problems, possibly 
with nothing better than a handful of 
pebbles foi instruments, made the great 
(for the time) discovery that while twelve 
times twelve pebbles was one hundred 
and forty-four pebbles, that one-half of 
twelve times one-half of twelve pebbles 
was not one-half of one hundred and 
forty-four pebbles, but was one-quarter of 
one hundred and forty -four pebbles. It 
may also be easily imagined that this 
mathematical investigator arrived at this 
conclusion by putting his pebbles in twelve 
rows of twelve each, and six rows of six 
each, forming two squares^ one of which 
was evidently four times the size of the 
other by eye measurement, as well as 
containing four times as many pebbles 
by actual count 
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After he had made a few of these 
squares it probably occurred to him that 
when he went to the post-office to get one 
hundred postage stamps, it wasn't neces- 
sary for him to count the whole hundred, 
but simply to count and see if he had ten 
on each side of his sqiiare; and finally, he 
probably fell into the unconscious habit 
of performing simple mental operations 
in extracting square rooty by asking him- 
self perhaps something as follows: 
* * Now, I want to make a box to hold 
144 eggs, each ^% to be in a compart- 
ment by itself, the box to be a square box; 
how many compartments on each side of 
the square box must I have to hold the 
144 eggs? Why 12, of course/' 

About this time Euclid made the 
discovery that in a right-angled triangle 
the square of the hypothenuse is equal to 
the sum of the squares of the other two 
sides of the triangle. 

That is, if one square of 36 pebbles 
is placed in such a position regarding 
another square of 64 pebbles, that two of 
their sides form a right-angled triangle, it 
will be seen that one side of another 

73 



square of 100 pebbles will exactly form 
the hypothenuse or third side of the tri- 
angle, the square of 100 pebbles being 
equal to the sum of both the other squares; 
that is, 36 and 64 make a total of 100 
(see the fignre on page 76, each small 
square reprtjenting a pebble). 

Now, it might be that what is true of 
a right-angled triangle of the above 
dimensions, would not be true of any 
other triangle. If we take two squares, 
for instance, of 25 and 16, the sum of 
which is 41, we cannot come to any con- 
clusion whatever on this particular ques- 
tion, because we cannot arrange our 41 
pebbles in the form of a square. 

But Euclid proved to a dead certainty 
that this would hold true, no matter what 
quantities or numbers entered into the 
problem, and to deal with this and other 
things to follow it is now necessary to 
begin to consider the idea of unity; that is 
one; one pebble, one bushel of pebbles, 
one 3arr^/ of pebbles, one half ion of peb- 
bles, one half of a pebble. That twice 
07ie are two; twice one pebble are two peb- 
bles; twice one bushel two bushels; twice 
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one barrel fwo barrels; twice one half ton 
two half tons; twice one half of a pebble 
two halves of a pebble; whether actually 
in two nieces or in the form of one whole 
pebble. Every thing in the world taken 
together makes one world; the smallest 
pebble in the world may be considered as 
being composed of two halves, four 
quarters, or a thousand thousandths, or 
in any other way we choose to divide it, 
or may be considered as one half of two 
pebbles. 

The truth that in a right-angled tri- 
angle, the square of the hypothenuse is 
equal to the sum of the squares of the 
other two sides being accepted, it of 
course follows that if we can find some 
way to calculate just what the side of a 
square of these 41 pebbles would be, sup- 
posing that they were ground to powder 
and put in a square, or when the number 
is too large to make an easy mental cal- 
culation (as when you count the sheet of 
100 stamps), we can solve many problems 
that come up in machine shops, such for 
instance as the exact angle to set a grind- 
ing machine to grind a cutter for screw 
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threads, supposing that the cutter is to be 
held in a holder made to hold the cutter 
with a standard clearance. In other 
words, many problems coming up in fine 
machine work, necessitating a knowledge 
of how to extract square root. 




Fig. 8. 
Some of these investigators found 
while playing with their pebbles that the 
law of squares was a universal law; that 
his square of 12 pebbles on a side was 
always 144 pebbles, whether he considered 
it as 12 on a side, or 11 and 1 on a side, 
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or 10 and 2 on a side, or 9 and 3 on a 
side, and so on through the scale, and 
they also found that when they did con- 
sider their sides of squares as being made 
up of two quantities, that a universal law 
held good that the square was always 
made up as follows: The square of one 
quantity, plus twice one quantity multi- 
plied by the other ^ plus the square of the 
other quantity; or in the algebraic language 
representing one quantity (no matter 
which or what size) by a, and the other 
by ^, then the square of a plus b is equal 
to a square, plus two a by plus b square, 
or in algebraic signs («-l-^)^=a2+2 a b 

Let us try and see how it comes out, 
considering 12 as 11 and 1 (or 11 plus 1). 

11 squared 121 

Twice 11 times 1 22 

1 squared 1 

Total Ii4 

Considering 12 as 10 plus 2: 

10 squared 100 

Twice 10 times 2 40 

2 squared 4 

Total 144 
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Considering 12 as 9 plus 3: 

9 squared 81 

Twice 9 times 3 54 

3 squared 9 

Total 14A 

Having found out how the square is 
made up, it is easy enough to pull it to 
pieces again, or in other words to extract 
the square root^ by simply reversing the 
process by which it was considered the 
square was made up. 

Before proceeding further, we must 
understand one simple law of multiplica- 
tion and division — multiplication being 
simply supplying a certain quantity a cer- 
tain number of times ^ same as our ancient 
friend did when he supplied 12 pebbles 12 
times to make his 144 pebbles; and divi- 
sion being simply the taking away a cer- 
tain quantity a certain number of times. 

Supplying 12 pebbles 12 times is 
multiplying 12 by 12, and dividing 144 by 
12 is taking 12 lots of 12 pebbles from 144 
pebbles, in which case we have no pebbles 
remaining in the original lot of 144. It 
follows then, that when a certain quantity 
is made up by multiplying two other qtiaur 
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iities together, if the certain quantity is 
divided by either of the other two quantities 
that went to make it up, that the result must 
be the other one of the two quantities \ that is 
if we multiply 4 by 5, making 20, if we di- 
vide 20 by 5 the result must ^^ 4, or if we 
divide 20 by 4 the result must be 5. 

We can now pick the square 144 to 
pieces as follows, assuming it to be made 
up of sides of 11 and 1: 

Take away from 144 the square of 11: 

144 
The square of ii 121 



■ 23 remaining 

Take from the 23 remaining the 

square of 1 : 

23 
The square of 1 1 



22 remaining 

Take away from 22 twice 1 1 times 1 : 

22 
Twice 11 times 1 22 

00 

Assuming the square 144 to be made 
up of sides of 10 and 2: 

Take from 144 the square of 10: 
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144 

The square oflO 100 

44 remaining 
Take from the 44 remaining the 

square of 2: 

44 
The square of 2 4 

40 remaining 

Take from 40 twice 10 times 2: 

40 
Twice 10 times 2 40 



00 

It will be found that any square can 
be made up and pulled down in the same 
way; of course it is simple enough when 
we know how it is made up, to pull it 
down again. 

Now, as it is an accepted custom 
(not a mathematical principle) that num- 
bers increase in value by ten for each 
place to the left as they are written, let us 
consider that 144 is the square of some- 
thing composed of units and tens (we 
already know it to be composed oione ten 
and two unitSy but this knowledge must 
not enter into the operation which we are 
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about to perform), and as the square of 
units cannot be greater than tens (9 largest 
unit, 81 its square), and as the square of 
tens cannot be greater than thousands (99 
largest ten, 9801 its square), we will sep- 
arate the hlimber 144 into tens and thou- 
sands (these being the squares of units 
and tens) by following the custom of 
** pointing off** from the units number 
into ** periods of two figures each.** 

We have now divided our lot of 144 
pebbles, if you please, into two lots (or 
"periods'*), one lot consisting of 100 
pebbles and the other lot consisting of 44 
pebbles (or 4 tens pebbles and 4 units 
pebbles), simply because it is customary^ 
as explained before, to write numbers in 
units, tens, hundreds, etc., etc. 

The left-hand ''period** of 1, then, 
represents a unity of hundreds^ that is one 
hundred — one hundred pebbles. Let us 
take away from this period of 1 (no matter 
now one what) the largest square there is 
in it J which is evidently 1, we have now 
pulled out the square of the tens of which 
the square number 14.4. was made up. 
That is, we have extracted the square 
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root of all the tens making up the thou- 
sands ** period " and find it to be one ten; 
we will therefore put down this one ten 
thus: 1, not forgetting that it stands in 

the TENS PLACE 

Now let us go back to the principle 
of multiplication and division as touched 
on before: 

Having found what the square root 
of the tens is, and knowing the way that 
the square is made up, we can now deal 
with the remaining 44. 

Having considered the root to have 
been made up of units and tenSy let us call 
the tens a and the units b^ and look at the 
algebraic formula again: (^i+^)2=a2+2 

We have already dealt with the e? 
and set down its root a, in the form of a 
figure 1 (in the tens place), and now con- 
sidering the remaining 44 as being also 
units and tens (4 units and 4 tens), let us 
see what we can do towards picking out 
the 2 a ^ of the algebraic formula. We 
know what the a is; it is 1, and if we 
divide the tens of the remaining 44 by 2 a 
(which in this case is 2), it will give us a 
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hint of what b is; thus we get a hint that 
^ is 2; we therefore consider that it is % 
and see how the experiment comes out. 
Having already taken away the square of 
the tens, which is the c? of the formula, if 
b is 2, and we multiply it by itself, it will 
g^ve us 4 units and fulfill the ^ of the 
formula, and if we multiply it by 2 a, 
which is 20, it will give us twice the tens 
multiplied by 2 or the 2 a of the form- 
ula, this being in this case 40, or 4 in the 
tens place. 

That is, the 2 a 3+^ of the formula 
is made up of 2 a multiplied by ^, and b 
multiplied by ^, which is of coursed, and, 
referring back to ih^ principle of multipli- 
cation and division explained before, divid- 
ing: the 2 a b of the formula by the 2 a, 
which we already know, musi give us the 
b, if the number 144 is a perfect square, 
which we know it to be in this case. 

Practically if no number can be found 
by trial that will meet the conditions of b, 
the largest that will go must be taken, and 
the remainder considered as a decimal 
fraction, and the operation repeated until 
the root is extracted as far as wanted. 
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The correctness of this is manifest when 
we consider that one ten is equal to ten 
units, and one unit is equal to ten tenths, 
and one tenth to ten hundredths, etc., 
each place to the left increasing the value 
of a figure, the decimal point having no 
value, but simply shows where unity 
begins, 

A comparison of these principles and 
explanations, step by step with the opera- 
tion of extracting square root as done by 
the conventional rule, cannot fail to make 
the subject clear, and when once the sub- 
ject is clear, there is less liability of mis- 
takes when doing a problem by the rule, 
to say nothing of the advantage of being 
able to get along without the rul$ if the 
book is mislaid or the memory weak. 
When the principle of extracting roots is 
once mastered it is a fascinating amuse- 
ment as well as valuable practice, to ex- 
tract 4th, 5th, 6th, etc., roots for which no 
rules are usually to be found. 
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Chapter XV. 

Principles o! Cube Root 

Assuming that it is understood how 
a square is made up and the principle on 
which square root is extracted, as explained 
in the previous chapter on square root. 

We will proceed to investigate the 
manner in which a cube is constructed. 
The cube of 12 (12 times 12 times 12, or 
as expressed in signs, 12x12x12) is 
1,728, and considering that the 12 is com- 
posed of 10 and 2 (on account of the cus' 
torn of giving a value of ten times what 
the figure itself represents, for each place 
to the left occupied by the figure, as ex- 
plained in the chapter on square root), 
we fiud the cube of 1,728 to be made up 
as follows: 

10 cube, 1,000 

8 times 10 square times 2, • - 600 
3 times 10 times 2 square, • • 120 
2 cube, 8 

Total, . . • • • 1,728 
S5 



'Tointing off*' the number 1,728 
into •'periods of three*' (for the same 
reason that we point off into periods of 
two in square root), we proceed to extract 
the largest cube from the left hand period, 
in this case 1, the cube root of which is 
evidently 1 also, so that we now know we 
have found the 1 ten that went to make up 
the cube 1,728, and as the cube of the 1 
ten is 1,000 we now must consider the re- 
maining 728, which we know to be made 
up 3 times 10 square times 2, plus 3 times 
10 times 2 square, plus 2 cube, as shown 
before. But as two is the number we are 
now seeking for, we must now assume that 
we do not know what it is, in order to be 
able to find it when we really do not 
know in actual practice. 

Whether it is 2 or any other number 
we know it cannot be a very large num- 
ber, as it must be units (as we havo-^lrea- 
dy found what the cube root of the tens 
is), and cannot therefore be over 9. 

It follows then that the remaining 728 
must be made up principally of 3 times 10 
square, plus 3 times ten, multiplied by 
something which will make nearly 728, 
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and by using this 3 times 10 square, plus 
3 times 10, for a trial divisor^ we get a 
hint of what the * 'something* ' wanted is. 

As this sum (330) will go into 728 a 
little over twice, we think that 2 is the 
number we are looking for, and to see if 
it really is the number we want, we must 
carry it through with the rest and see how 
we come out. 

As we know the remaining 728 to be 
made up of 3 times 10 square times 2, 
plus 3 times 10 times 2 square, plus 2 
cube, we know also that if we remove the 
factor 2 from these quantities, that is di- 
vide them by 2, we shall obtain a quantity, 
which, being multiplied by 2, will give us 
the original quantities back again; this 
being self-evident. 

Dividing these quantities by 2, we 
obtain 3 times 10 square (the 2 left out) 
plus 3 times 10 times 2 (one of the 2's left 
out) plus 2 square (one of the 2's left out 
again). 

By making a divisor of the sum of 
these quantities, which amount to 364, we 
find it goes exactly twice into the remain- 
ing 728, and therefore know that 2 b 
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really the units figure that we have been 
looking for. 

To reduce to a formula: The cube of 
a+b is a^+Sa^+Sa£^+i^ (flj=10and 6= 
2 in this case), after taking away the a^ 
we evidently have remaining 3^j^^+3«^+ 
^. As we do not know what d is, we take 
3a^+3a, which is what remains with the 
b left out altogether, for a irta/ divisor, 
and by assuming the approximate quotient 
to be the d that is sought, we take Sa^+ 
Sad+Py which is Sa^+3aff^+^^ divided 
by the by and multiply it by the b back 
again, to see if the b we have assumed is 
really the b we have been looking after. 

In the case of 1728 we find that it 
completes the cube, and that b is really 2 
and so know that we are right. 

Therefore (knowing that we are 
right), if there should be a remainder 
after taking the result of this final multi- 
plication out of what is left of the original 
number, we would know that the number 
was not a perfect cube, and would take 
what is left and annex ciphers for another 
period, or as many more periods as re- 
quired for the degree of accuracy needed, 
same as in square root. 
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Chapter XVi. 

Fotf ndation Principles* 

To be thoroughly independent of 
rules for extracting roots (and a great 
many other mathematical calculations as 
well), we must consider the idea oi factors. 

When we multiply 3 by 2 we have 6 
for a result, and we say 3 and 2 ^x^ factors 
of 6; multiplying again by 2 we get 12, 
and say that 6 and 2 ^.r^ factors of 12, or 
we can say that 2 and 2 and 3 are factors 
of 12; or multiplying 12 by 12 we get 144 
and say that 12 and 12 are factors of 144, 
or we can say that 2 and 2 and 2 and 2 
and 3 and 3 are factors of 144, this being 
represented in arithmetical signs as follows: 
2x2x2x2x3x3=144. 

This is called an equation because 
something is represented as being equal 
to something else. 

If we start and reverse the operation 
and divide 144 by 2 we have 72 as a re- 
sult, and find that one less 2 on the left 
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hand side will make the equation true, 
thus: 

2x2x2x3x3=72. 

That is, we can take away one of the 
factors 2 from the left hand side of this 
equation, and' divide the right hand side 
by 2, and still have an equation: that is, 
one side will still be equal to the other side. 

It follows then, that by taking on-^ 
of the factors 2 from the left hand side, 
and dividing the right hand side by 2, 
we have done the same thing to both 
sides, because if we had not, they would 
no longer be equal. 

That is, dividing 144 or any other 
number, by 2 or any other number, is 
simply taking the factor 2 (or whatever 
other number it may be), from the first 
number, no matter how the first number 
is represented. 

Or in other words, taking the quan- 
tity 2x2x2x2x3x3 (which we happen 
to know is equal to 144) and removing 
one of the factors 2 from it^. we have 
divided the whole quantity by 2. 

A little more reasoning alone this 
same line will show us that dividing ^ 
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/actor by a certain number divides the whole 
quantity by that number, or multiplying 
a factor by a certain number (or quantity) 
multiplies the whole quantity by that 
number (or quantity). 

In arithmetic we can consider a 
certain number as representing a certain 
thing; that is, we can take the num- 
ber 1, and consider that it stands for 1 ton 
of coal, and after going through our cal- 
culations, we know that the result, what- 
ever it is, is also to be considered as tons 
of coal. So in algebra, a certain sign or 
letter may be considered as a certain 
number or quantity of anything and the 
sigQ or letter is multiplied or divided, etc. , 
through the calculation, and when the 
calculation is completed, we know that 
this sign or letter represents in the result 
the same thing that it did at the start : If 
we say that a represents a ton of coal, and 
when the calculation is completed, we 
have a result of 144 «, we know that this 
means 144 tons of coal. 

It would be easy enough to carry the 
number 1 through any calculation (no 
matter now whether 1 ton of coal or 1 
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soraething else), Imi if we hadthcnumber 
1,083,729,524,982, to deal iyith it would 
be quite a task to cany it tlirough a 
long calculation. A slight knowledge of 
algebra allows us to consider that a or J, 
or Cf represents this large number, or any 
other number, or thing, and carry the 
Mier through a calculation (it is customary 
to use the first letters of the alphabet to 
represent known quantities, and the last 
letters of the alphabet to represent un- 
known quantities, but it is not necessary 
to follow this custom, as we can as well 
use a picture of a ton of coal, to represent 
the ton of coal, or the above number ol 
tons of coal, if we only stick to the same 
thing until the calculation is finished). 

If then we had a large number like 
the above to deal with, it would evidently 
by easier to say in starting: 

^^=1.083,729,524,982 
and take the a through the calculation; 
tlien if for instance we got ^a as the result 
of the calculation, we would know that 3 
times 1,083,729,524,982 was our answer, 
thus being obliged to multiply this large 
number but once in the whole calculation* 
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wjbich reduces the chances of error, as 
well as being easier and quicker. 

In algebra, contrary to arithmetic, 
the position to the right or left, of a letter 
or sign has nothing to do with its value, 
and two or more letters side by side 
means that these letters are multiplied 
together^ or in other words that they 
are factors. 

The expression "aa" then, means 
that a, whatever it represents, is mul- 
tiplied by a, and if we assume that a 
represents 12, we then know that ^^aa,^^ 
represents 144. 

But as any quantity multiplied by 
itself becomes square^ the expression 
"aa*' is equivalent to the expression 
"a square," and for the same reason 
the expression "aaa" is also evidently 
equivalent to the expression **a cube." 

It is easier and quicker (besides 
being customary) to write a square 
thus, a2, instead of "aa'', and a cube, 
a3, instead of **aaa'\ 

When this is understood, we can take 
another step and instead of saying a=12, 
we can say a=10 and fc=2, then we can 
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go ahead and say a plus d=12 or usini" 
the regular arithmetical sign for plus (ad- 
dition) we write it thus: 

a+b=12 

It then follows that a+b multiplied 
by- itself will be equal to 12 multiplied by 
itself, or in other words that a +^, square, 
is equal to 12 square, and that (knowing 
12 square to be 144) a+^, square, is 
equal to 144. 

We can now multiply the expression 
a+3 by itself, the operation being very 
much like multiplication of numbers in 
arithmetic : 

First (as in arithmetic) we set the 

quantities to be multiplied one under the 

other thus: 

a+b 
a-\-b 

b multiplied by b will evidently (from 
what has already been explained) become 
b square, written l^y so after the result of 
this first step is written down, the calcula- 
tion, would appear thus : 

a'\b 
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Multiplying ahy 6 would give us ad 
which we also set under the line, same as 
in arithmetic, thus : 

a+b 
a'\-b 

We have now multiplied a+b by 6 
and must start to multiply a+b by a as 
follows : 

d multiplied by a is evidently db (the 
position of the factors not altering their 
value, so for convenience in adding we 
write it ab instead oiboL) so (also for con- 
venience in adding) we set this ab under 
the other ab which we got a first by multi- 
plying a by b^ thus : 

a+b 
a+b 

ab+b^ 
ab 

And a multiplied by a is evidently 
a^, which we also set down thus : 

a+b 
a+b 

ab+b^ 
a^+ab 
We now (same as in arithmetic), add 
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the results of multiplication together, for 
the answer : ab added to ab is evidently 
two ab, which is written **2a^,'* so that 
the complete operation now appears thus : 






a^-\'ab 



a^+2ab+b^ is the formula given in 
the chapter on * 'square root" on pages 
77 and 82. 

By multiplying this again by a+d, 

we will evidently get the cube of a+b^ 

which is the formula used in the article on 

cube root, thus : 

a^+2ab'i-d^ 

If we should multiply this again by 
a+b we should get a formula which would 
allow us to extract the fourth root, and 
so on. 

A thorough understanding of these 



foundation principles, and of the previous 
chapters on square root, and cube root, 
makes us independent of any written rules 
for extracting square, cube, or any other 
root. 
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Chapter XVII. 

Principles of Screw Cutting* 

Every mechanical paper is periodi- 
cally asked by its readers for a **rule" for 
selecting change gears for screw cutting 
Thousands of * 'rules*' have been given, 
and books of * 'rules'* have been published, 
but they are all worse than useless, be- 
cause any one who does not understand 
iki^ principle of screw cutting on lathes, is 
pretty apt to use a rule that has been made 
for some certain lathe, in connection with 
some other lathe, and as lathes are not 
all alike the result is far from satisfactory. 
Even a rule for a certain la,the is bad, be- 
cause, not understanding the principle 
and depending on the rule, when a mis- 
take is made in figuring, as sometimes 
will occur with the most expert, the ^tx- 
son* s judgment does not call attention to 
the error as it would if the subject were 
thoroughly familiar. 
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If the leading screw of a lathe has 
four threads to one inch, it is evident that 
the lathe carriage, when engaged with the 
screw, will move one inch when the screw 
has made four revolutions; if five threads, 
the carriage will move one inch when the 
screw has made five revolutions, and so 
on. Again, if the spindle of the lathe (and 
a piece of work revolving with the spindle) 
makes four revolutions while the carriage 
moves one inch, it is evident that four 
threads to one inch will be cut on the 
piece of work in the lathe (provided, of 
course, that the lathe is set up for screw 
cutting), or if the spindle makes five rev- 
olutions while the carriage moves one 
inch, five threads to one inch will be cut, 
and so on. By following this course of 
reasoning to its conclusion, we find that 
the rcdio that exists between the number 
of threads to one inch of the leading screw, 
and the number of threads to one inch 
that it is desired to cut, must also exist in 
the train of gearing between the spindle 
and the leading screw, and incidentally it 
follows that when this ratio cannot be ob- 
tained with the gears at hand, the desired 



thread cannot be cut This will be referred 
to again later. 

Now for the practical application: 
FirstyJw^ the ratio between the number of 
threads desired to be cut and the number 
of threads of the leading screw; this is 
found by dividing one by the other. H 
for instance, it was desired to cut four 
threads to one inch on the lathe, the lead- 
ing screw of which had four threads to one 
inch, we find the ratio, dividing four by 
four, to be one. That is, the ratio in the 
whole train of gears between the spindle 
and the leading screw must be one^ or in 
other words and in the language of the 
shop, we must use even gears, provided 
there is no compounding in the intermedi- 
ate gearing between the spindle and the 
leading screw; but nearly al) lathes have 
these compounds of gearing, and this is 
why a rule is worse than useless. Again, 
if it is desired to cut five threads on the 
lathe with four threads in the leading 
screw, we find the ratio to be one and one- 
fourth, and we must accordingly select 
two gears, in which the number of teeth 
in one is one-fourth more than the " jmber 
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of teeth in the other; and here again the 
judgment guides safely when a rule would 
be confusing. 

To cut five threads with four threads 
on the leading screw, it is evident!}' 
necessary that the spindle should revolve 
faster than the leading screw^ and it 
follows that the gear on the spindle 
must be the smaller of the pair selected, 
for reasons that are so simple and self- 
evident that I do not know of any way to 
explain or prove the statement: always 
provided y as far as we have gone, that there 
is no compounding in the train of gearing » 
But, practically as mentioned above, the 
compounding must usually be taken into 
consideration. 

Of four lathes by four different 
makers that I have been looking at, but 
one has the first change gear directly 
on the spindle; the three others use a 
separate shaft for the first change gear, 
and in each case this shaft is so fixed with 
permanent gearing that it revolves only 
one-half as fast as the spindle; a rule then, 
that gives a result of a certain gear for the 
spindle and of another certain gear for the 
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screw, if applied to three out of these four 
lathes, would give the practical result of 
twice as many threads as it was desired 
to cut. 

The easiest way to provide for this 
particular construction in a lathe (and it is 
a very common construction) is to assume 
that the leading screw has twice as many 
threads to one inch as it really has. Of 
course if the lathe was of such construction 
that the shaft that takes the first change 
gear made only one-third as many revolu- 
tions as the spindle, it would be necessary 
to assume that the leading screw had three 
times as many threads to one inch as it 
really has, and so on; but, as stated above, 
the two-to-one construction is the most 
common on medium sizes of lathes. 

Having assumed, in this case, the 
number of threads on the leading screw to 
be twice as many to one inch, the problem 
then is reduced to the simple one first 
stated; that is, the ratio that exists between 
the number of threads desired to be cut, 
and the assumed number of threads of the 
leading screw, must also exist in the gearing 
between the first change gear shaft and 
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the leading screw. And when there is no 
compounding of gears between the first 
change gear shaft and the leading screw, 
this ratio must exist between the two gears 
selected to go on the first change shaft and 
the leading screw respectively. Any gears 
between these two simply go to bridge 
the distance between the change gears 
selected, as it is evident .that when there 
is no compounding^ one tooth motion of 
the first gear will result in only one tooth 
motion of the last gear no matter how 
many or what sizes of gears are between. 
Taking for example the lathe men- 
tioned above that takes the first change 
gear directly on the spindle; the change 
gears on this lathe have the following 
numbers of teeth respectively: 16, 20, 24, 
28. 32, 36, 40, 44, 46, 48, 66, 64, 72, and 
the number of threads to one inch of the 
leadino: screw is 4. There is a cast brass 
plate attached to the head containing a 
list of numbers of threads and the number 
of teeth in gears to go on the spindle and 
screw respectively, in order to cut these 
threads, and this is the most convnon way 
in which screw cutting lists are furnished 



with lathes. This lathe has a latgs hole 
through the spindle, in consequence of 
which the holes in the change gears that 
go on the spindle are extra large, and but* 
two of these gears with large holes are 
provided, these being with 32 and 64 
teeth respectively. This of course reduces 
the total number of different threads that 
might be cut if any gear would go on the 
spindle, but the lathe is so designed that 
any common. thread wanted, except 13, 
may be cut, the list being as follows: 2, 3,. 
4, 5, 6, 7, 8, 9, 10, 11, 11}4 (for pipe 
threads), 12, 14, 16, 18. 

Now, although this lathe takes the 
first change gear directly on the spindle, 
it does not take the last change gear di- 
rectlv on the screw, but on a stud that is 
connected with the screw, and is reduced 
by gearing so that the screw moves but 
half as fast as the stud. This gearing is 
out of sight under the head, and might 
very easily pass unobserved, and this 
shows the practical advantage of measur- 
ing a thread after the first light chip has 
been tak^n, to be sure that no mistake 
has been made in figuring or j>lacin^ 
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<:hange gears. The effect of this gearing is 
of course the same as if the reduction had 
been between the spindle and first change 
gear; that is, to make it practically a lathe 
with twice as many threads in the leading 
screw as it really has, and with this under- 
standing we Hiay now investigate some 
practical examples. 

To calculate the gears to cut two 
threads per inch on this lathe, we di- 
vide 8 (the assumed number of threads 
in leading screw, the real number being 
4, as mentioned above) by 2 (the num- 
ber desired to be cut), and find the 
ratio to be 4; we must, therefore, select a 
pair of gears the ratio of which is also 4, 
and as only the gears numbered 32 and 
64 will go on the spindle we must have 
either 8 or 16 teeth in the gear on the 
screw; there being no 8 gear with the 
lathe, and of course practically no change 
gears with so few teeth as 8 made, we 
must use the 16 gear and the 64 gear, 
these being 1 to 4, the proportion required. 

Suppose we wish to cut 13 threads on 
this lathe (13 being the Franklin Institute 
standard for }i inch diameter), we find 
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the ratio between 8 and 13 to be l-i\, and 
it follows, as before explained, that we 
must select two gears, one of which has 
1^ times as many teeth as the other. 
Common sense, to say nothing of mathe- 
matics, teaches us that if we are to select 
a gear with li^ times as many teeth as 
another geaiTf that ike other gear must have 
some number of teeth that can be divided 
by ISy and as there is no gear in the list 
that can be divided by 13, it follows with 
mathematical certainty that 13 threads 
cannot be cut on this lathe with the gears 
that come with the lathe. 

If this simple point is once understood 
it saves lots of trouble in the shop. An 
example of fractional thread cutting, to 
illustrate the principle, may not be out of 
place at this time. Suppose that it is de- 
sired to cut on this lathe 5j^ threads to 
one inch; no such number of threads 
appears on the list attached to the lathe. 
The first question is, can it be done ? To 
answer we proceed thus: Multiply 5^ and 
8 each by some number that will reduce 
6^ to a whole number, as multiplying 
both by the same quantity will not change. 
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the ratio. Every school- boy knows that 
in this case 4 is the smallest number that 
will do this, because 4 is the denominator 
of the fraction that it is desired to elimi- 
nate; we thus obtain the two numbers 23 
and 32, and dividing one by the other we 
find the ratio to be 1^. We must there- 
fore select two gears, one of which has 
1^ as many teeth as the other, and it 
follows that, as stated before, we must find 
a gear the number of teeth in which can 
be divided by 23; the only such gear in 
the list is 46, and 46 multiplied by 1^ is 
64, the other gear, which we also find in 
the list. 

When the principle of this is thorough- 
ly understood, it is safe to take some 
short cuts, and this might have been done 
in the last example, as follows: After 
getting the two numbers 23 and 32, the 
ratio will evidently be preserved if they 
are both again multiplied by some num- 
ber that will give us two numbers corre- 
sponding to the numbers of teeth in two 
gears contained in the list; such a number 
in this case being 2, the result is 46 
and 64, the same as obtained by the longer 
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process. Sets of change gears are de- 
signed to increase by a certain number, 
the number in this list being 4, except 
that there is a break where the 52 gear is 
left out, and that the gear 46 is added for 
the purpose of cutting llj^ threads. If 
we had the 52 gear, Mce could cut 13 
threads on this lathe, and I cannot see 
why this was left out. 

Now, if we multiply the number 
of threads desired to be cut and the 
assumed number of threads on the lead- 
ing screw, both by the number by 
which the list of change gears increases, 
we can usually get, first time trying, two 
gears that are in the list, and as these will 
evidently be the same ratio (being the 
result of multiplying by the same number) 
as the number of threads to be cut, and 
the assumed number of threads in the 
leading screw, they will be right to cut 
the thread wanted. Example: To cut 18 
threads 18x4=72 and 8x4=32, the 
gears required, and this method is the 
shortest and easiest way that I know of, 
and may be used when it is known by the 
screw cutting list or otherwise that the 
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number of threads per inch wanted can be 
cut on the lathe to be used. 

Of course it saves work in calculating 
these gears (or anything else) to reduce 
all fractions as fast as they come to their 
lowest terms. \ 

On very large lathes (and sometimes 
on ordinary si^ed lathes when very fine or 
very coarse threads are to be cut) it is 
necessary to compound i^a^ change gearing, 
which is usually done by having a stud 
with one small gear and one large gear, 
somewhere between the * *gear on spindle' ' 
and the *'gear on screw/' When this is 
done the number of threads in leading 
screw must evidently be multiplied by 
the ratio that exists between the two gears 
on the intermediate stud (as well as by 
the ratio of the permanent gearing be- 
tween the spindle and first change gear 
stud, or between the last change gear stud 
and the leading screw) in order to get the 
correct number of assumed threads on 
leading screw. 
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Chapter XVIII. 

Handy "Ways for Gikulating* 

When squaring (or multiplying it 
by itself) any mixed number (whole num- 
ber and a fraction) whose fraction is % it 
is well to know that this can be done 
mentally as follows: 

Add one to one number, multiply by 
the other, and add }( to answer. 

Take 3}4xS}4; 3+1=4, 4x3=12 
+ ^ = 12j< answer. Or 9>^x9>^=9 
+ 1 = 10x9=90+^=901^. 

A quick and easy way to divide any 
number by 12 j4 is: 

Multiply by 8 and **point oft*' two 
places. 

Example:^ =250x8=2000 and point- " 
ing off two places (always from the right) 
we have 20. 00 as the answer. 

A handy rule for squaring any num- 
ber mentally is: 

Subtract the number from the next 
higher /^«j number, subtract the difference 
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from the original number; multiply this 
result by the tens number used and add 
the square of the difference. 

This sounds hard but it isn't, and 
can be readily acquired so that any num- 
ber up to 100 can be squared mentally, 
easily and quickly. 

Take 17, the next higher tens number 
is 20. 20—17=3. 17-3=14. 14x20= 
280. 3squared=3x3=9. 280+9=289, 
the square of 1 7. 

Take 26. Next higher tens number 
is 30. 30—26=4. 26—4=22* 22x30= 
660. 4x4=16. 660+16=676, the square 
of 26. 

One more example will show its use 
in squaring large numbers. 

Take 81. Next higher tens number 
is 90. 90—81=9. 81—9=72. 72x90= 
6480. 9x9=81. 6480+81=6561, the 
square of 81. 

This is a larger number than it is 
often necessary to square mentally, but a 
little practice makes it an easy matter, 
and it's often handy in comparing areas 
of pipes and cylinders. 
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Chapter XIX. 

Allowances for Running and Force Fits. 



RUNNING FITS. 

Diam. of Diam. of 

Beariug^ Shaft. 

1 999 

2 1.998 

3 2.997 

4 3.9965 

5 .- 4.9963 

6 5.996 

. 7 6.9958 

8 7.9958 

9 8.9957 

10 9.9956 

II 10.9955 

12 11.9954 

13 12.9953 

14 13.9952 

15 14.9951 

16 15.995 

17 16.9949 

18 17.9948 

19 18.9947 

20 19.9945 



FORCE FITS. 

Diam. of Diam. of 

Hole. Shaft. 

I I. 001 

2 2.003 



3. 
4 
5. 
6 

7 



3.005 
4.006 
5.007 
6.008 
7-0085 



8 8.009 

9- 9-OI 

10 10.0105 

II II. on 

12 12.0115 

13 13.01a 

14 14-013 

15 15.014 

16 16.0145 

17 17.015 

18 , . 18.0155 

IQ 19.016 

20 20.017 



Drive fits allowances are one-half that q£ 
force fits. Builders Iron Foundry. 
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Chapter XX. 

Metric System of ISleasuretnents* 

When the French were stirring things 
up by their revolution, they also made a 
new system of measuring, which was 
adopted in 1795. Discarding the inch, 
they took for a basis what was supposed 
to be one ten-millionth part of the distance 
from the equator to the pole. This they 
called a METER. 

The subdivisions have Latin prefixes, 
while the larger measures are taken from 
the Greek. These are as follows: 

The unit 

of weight is called the GRAM, 

of liquids the LITER, and 

of land measure the ARE. 

Milli ■= T^. Deka = 10. 

*Centi = ife. Hekto = 100. 

Deci = i\j. Kilo = 1000. 

•This is pronounced as though it were spelled "jo«/i," 
with the o same as in on. The rest are pronounced as 
spelled, with a long t as^ in kilo. 
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and a table would be 

10 millimeters = 1 centimeter. 

10 centimeters = 1 decimeter. 

10 decimeters = 1 meter. 

10 meters = 1 dekameter. 

10 dekameters = 1 hektometer. 

10 hektometers = 1 kilometer. 

The LITER is one cubic decimeter; 
the ARE is one square dekameter; 
the GRAM is one cubic centimeter of water. 
As will be seen, everything goes by 
tens, which makes all calculations easy, 
and the exact relation between the dif- 
ferent measures is responsible for its wide 
adoption. If the unit selected had been 
the standard English inch, so as not to 
upset everything in the way of gages 
and scales which we now have, there 
would be much less opposition to its uni- 
versal adoption. The ease of calculating 
is certainly in its favor, as everything 
goes by tens, and after learning the 
meaning of the different prefixes and the 
names of the units, no tables are necessary. 
A study of th,e table prepared by Mr. 
C. W. Hunt, which appears on page 116, 
will show the relation between the metric 
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and our own systems, and show that a 
millimeter (the smallest measure of the 
table) is entirely too large for fine machine 
work, being nearly four one-hundredths 
of an inch. A milli-inch — if we had one, 
would be our much used thousandth of an 
inch. 

One good feature of the decimal part of 
the metric system is that we know in an 
instant the relation between any number 
and the unit. A DECI- LITER is, of 
course, one- tenth of a liter, while a DEKA- 
GRAM is ten grams. A HEKT-ARE is 
one hundred ares, and a MILLI-ARE 
is one one- thousandth of an are, while a 
KILO-METER is one thousand meters. 
We do not believe that the metric 
system will be universally adopted in the 
shops of this country, but every mechanic 
wants to know about it, and the appended 
tables will be found useful. 
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ENGLISH MEASURES VITH METRIC 
EQUIVALENTS* 



INCHES IN METERS. 


Inch 

1 


! Meters. 


Inch 
26 


Meters. 


Inch 
51 


Meters. 


Inch 
76 


I Meters. 


.0254 


.6604 


1.2954 


1.9304 


2 


.0508 


27 


.6858 


52 


1.3208 


77 


1.9558 


3 


.0762 


28 


.7112 


53 


1.3462 


78 


1.9812 


4 


.1016 


29 


.7366 


54 


1.3716 


79 


2.0066 


5 


.127 


30 


.762 


55 


1.397 


80 


2.032 


6 


.1524 


31 


.7874 


56 


1.4224 


81 


2.0574 


7 


.1778 


32 


.8128 


57 


1.4478 


82 


2.0828 


8 


.2032 


33 


.8382 


58 


1.4732 


83 


2.1082 


9 


.2286 


34 


.8636 


59 


1.4986 


84 


2.1336 


10 


.254 


35 


.889 


60 


1.524 


85 


2.159 


11 


.2794 

1 


36 


.9144 


61 


1.5494 


86 


2.1844 


12 


.3048 


37 


.9398 


62 


1.5748 


87 


2.2098 


13 


.3302 


38 


.9652 


63 


1.6002 


88 


2.2352 


14 


.3556 


39 


.9906 


64 


1.6256 


89 


2.2606 


15 


.381 


40 


1.016 


65 


1.651 


90 


2.286 


16 


.4064 


41 


10414 


66 


1.6764 


91 


2.3114 


17 


.4318 


42 


1.0668 


67 


1.7018 


92 


2.3368 


18 


.4572 


43 


1.0922 


68 


1.7272 


93 


2.3622 


19 


.4826 


44 


1.1176 


69 


1.7526 


94 


2.3876 


20 


.508 


45 


1 143 


70 


1.778 


95 


2.413 


21 


.5334 


46 


1.1684 


71 


1.8034 


96 


2.4384 


22 


.5588 


47 


1.1938 72 


1.8288 


97 


2.4638 


23 


.6842 


48 


1.2192 


73 


1.8542 


98 


2.4892 


24 


.6096 


49 


1.2446 


74 


1.8796 


99 


2.5146 


25 


.635 


50 


1.27 


75 1.905 


100 


2.540 
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METRIC MEASURES WITH ENGLISH 
EQUIVALENTS* 



MILLIMETERS IN INCHES. 



Mm. 


Inches. 


Imid. 

26 


Inches. 


1 


0.0394 


1.0236 


2 


0.0788 


27 


1.063 


3 


0.1182 


28 


1.102 


4 


0.1575 


29 


1.141 


5 


0.197 


30 


1.181 


6 


0.2363 


31 


1.22 


7 


0.2756 


32 


1.26 


8 


315 


33 


1.30 


9 


0.3543 


34 


1 338 


10 


0.3937 


35 


1.3778 


11 0.433 


36 


1.417 


12 0.472i 


37 


1.4565 


13 


0.512 


38 


1.496 


14 


0.551 


39 


1.535 


15 0.59 


40 


1.575 


16 0.63 


41 


1.G14 


17 


0.669 


42 


1.653 


18 


0.7086 


1 ^^ 


1.6928 


19 


0.748 


44 


1.732 


20 


0.7874 


45 


1.7715 


21 


0.8267 


46 


1.811 


22 


0.866 


47 


1.85 


23 


0.9055 


48 


1.89 


24 


0.945 


49 


1.929 


25 


0.984 


60 


1.968 



Mm. 



51 
52 
53 
54 
55 
C6 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 



Inches. 


Mm. 
76 


2.008 


2.047 


77 


2.0865 


78 


2.126 


79 


2.165 


80 


2.2046 


81 


2.244 


82 


2.283 


83 


2.3227 


84 


2.362 


85 


2.401 


86 


2.441 


87 


2.48 


88 


2.52 


89 


2 559 


90 


2.598 


91 


2.6378 


92 


2.677 


93 


2.7165 


94 


2.7559 


95 


2.7952 


96 


2.8346 


97 


2.874 


98 


2.9134 


99 


2.9527i 


100 



Inches. 

2 992 
3.0314 
3.0708 

3 11 
3.1496 
3.189 
3.2283 
3.2677 
3.307 
3.3464 
3 3858 
3.4252 
3.4645 
3.504 
3.5433 
35826 
3.622 
3.6614 
3.7007 
3.74 
3.779 
3.819 
3.858 
3.8976 
3.937 
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ENGLISH MEASURES WITH METRIC 


EQUIVAT-FNTS* 


FEET IN METERS. 


Ft. 

1 


Meters. 


Ft. 

26 


Meters. 


,Ft. 
51 


Meters. 


Ft. 

76 


Meters. 


.3048 


7.9248 


15.5448 


23.1648 


2 


.6096, 


27 


8.2296 


52 


15.8496 


77 23.4696 | 


3 .9144 


28 


8,^344 


53 


16.1544 


78 


23.7744 


4 


1.2192 


29 


8.8392 


54 


16.4592 


79 


24.0792 


5 


1.524 


30 


9.144 


55 


16.764 


80 24 384 


6 


1 8288 


31 


9.4488 


56 


17.0688 


81 24.6888 


7 


2.1336 


32 


9.7536 


57 


17.3736 


82 


24.9936 


8 


2.4384 


33 


10.0584 


58 


17.6784 


83 25.2984 


) 9 


2.7432 


34 


10.3632 


59 


17.9832 


84 


25.6032 


10 


3.048 


35 


10.668 


60 


18.288 


85 


25.908 


U 


3.3528 


36 


10.9728 


61 


18.5928 


86 


26.2128 


12 


3.6576 


37 


11.2776 


62 


18.8976 


87 


26.5176 


13 


3.9624 


38 


11.5824 


63 19.2024 

1 


88 


26.8224 


14 


4.2672 


39 


11.8872 


64 19.5072 


89 


27.1272 


15 


4.572 


40 


12.192 


65 19.812 


90 


27.432 


16 


4.8768 


41 


12.4968 


66 


20 1168 


91 


27.7368 


17 


5.1816 


42 


12.8016 


67 


20.4216 


92 


28.0416 


18 


5.4864 


43 


13.1064 


68 


20.7264 


93 


28.3464 


19 


5.7912 


44 


13.4112 


69 


21 0312 


94 


28.6512 


20 


6.096 


45 


13.716 


70 


21.336 


95 


28.956 


21 


6.4008 


46 


14.0208 


71 


21.6408 


96 


29.2608 


22 


6.7056 


47 


14.3256 


72 


21.9456 


97 


29.565ii 


23 


7.0104 


48 


14.6304 


73 


22.2504 


98 


29.8704 


24 


7 3152 


49 


14.9352 


74 


22.5552 


99 


30.1752 


25 7.62 


50 


15.24 


75 


22.86 


100 


30.48 
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MKI'KIC MEASUKiib wirn isrsixusn 11 


EQUIVAT.KNTS* 


METERS IN FEET. 


s 
1 


Feet. 


• 


Feet. 


* 

en 

61 


Feet. 
167.32581 


2 

S 

76 


Feet. 


3.2809 


26 


85.3034 


249.3483 

1 


2 


6.6618 1 27 


88.5843 


52 170.6067 


77 


252.6292 


3 


9.8427 


28 


91.8652 


63 173.8876 


78 


255.9101 1 


4 13.1236' 


29 


95 1461 


54 177.1685 


79 259.191 i 


5 16.4045 ! 30 


98.427 


55 


180.4494 


80 262.4719 , 


6 19.6854 


31 


101.7079 


5Q 


183.7303 


81 


265.7628 


7 22.9663' 32 


104.9888 


57 


187.0112 


82 


269.0337 


8 26.2472 33 108.26971 


58 


190.2921 


83 


272.3146! 


9 29.528ll 


34 111.55061 


59 


193.573 


84 


275.5955 


10 


32.809 


35 


114.8315 


60 


196.8539 


85 


278.8764 


11 


36.0899 


36 


118 1124 


61 


200.1348 


86 


282.1673 


12 


39.3708 


37 


121.3933 


62 


203.4157, 


87 


285.4362 


13 


42.6517 


38 


124.6742 


63 


206.6966 


88 


288.7191 


14 


45.9326 i 39 


127.9551 


64 


209.9775' 


89 


292. 


15 49.2135' 40 


131.236 


65 


213.2584 


90 


296.2809 


16 52.4944 41 


134.5169 


66 216.5393 


91 


298.5618 


17 


55.7753 42 


137.7978 


67 


219.8202 


92 


301.8427 , 


18 


59.0562 43 141.0787] 


68 


223.1011 


93 


305.1236 


19 


62.3371 


44 '144.3596; 


69 


226.382 


94 


308.4045 . 


20 


65 618 


45 


147.6405 


70 


229.6629 


95 


311.6854 


21 


68.8989 46J150.9214' 


71 232.9438 


96 


314.9663 


22 


72.1798 47,154.2023; 


72 236.2247 

1 


97 


318.2472 


23 


75.4607 


48 157.4832 


73 239.5056 


98 


321.5281 


24 


78.7416 


49 160.7641 


74 242.7865 

1 


99 


324.809 


25 


82.0225 


50 


164.045 


75 246.0674 


100 328.0899 
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ENGLISH MEASURES WITH METRIC 

EQUIVALENTS. 





SQUARE FEET IN SQUARE METERS. 


Sq. 
Ft. 


Sq. 
Meters. 


Ft. 

26 


Sq. 
Meters. 


Sq. 
Ft. 

51 


Sq. 

Meters. 


Is- 

Ft. 

76 


Sq. 
Meters. 


1 


.0929 


2.4154 


4.7379 


7.0604 


2 


.1858 


27 


2.6083 


52 


4.8308 


77 


7.1533 


3 


.2787 


28 


2.6012 


, 53 


4.9237 1 


78 


7.2462 


4 


.3716 


29 


2.6941 


54 


5.0166 


79 


7.3391 


5 


.4645 


30 


2.787 


55 


5.1095 


80 


7.432 


6 


.5574 


31 


2.8799 


56 


5.2024 


81 


7.5249 


7 


.6503 


32 


2.9728 


57 


5.2953 


82 


7.6178 


8 


.7452 


33 


3.0657 


58 


5.3882 


83 


7.7107 


9 


.8361 


34 


3.1586 


59 


5.4811 


84 


7.8036 


10 


.929 


35 


3.2515 


60 


5.574 


85 


7.8965 


11 


1.0219 


36 


3.3444 


61 


5.6669 


^6 


7.9894 


12 


1.1U8 


37 


3.4373 


62 


5.7598 


87 


8.0823 


13 


1.2077 


38 


3.5302 


63 


5.8527 


88 


8.1752 


11 


1.3006 


39 


3.6231 


64 


5.9456 


89 


8.2681 


15 


1.3935 


40 


3.716 


65 


6.0385 


90 


8 361 


16 


1.4864 


41 


3.8089 


G6 


6.1314 


91 


8.4539 


17 


1.5793 


42 


3.9018 


67 


6.2243 


92 


8.6468 


18 


1.6722 


43 


3.9947 


68 


6.3172 


93 


8.6397 


19 


1.7651 


44 


4.0876 


69 


6 4101 


94 


8.7326 


20 


1.858 


45 


4.1805 


70 


6.503 


95 


8.8255 


21 


1.9509 


46 


4.2734 


71 


6.5959 


96 


8.9184 


22 


2.0438 


47 


4.3663 


72 


6.6888 


97 


9.0113 


23 


2.1367 ' 


48 


4.4592 


73 


6.7817 


98 


9.1042 


24 


2.2296 


49 


4.5521 


74 


6.8746 


99 


9.1971 


25 


2.3225 


50 


4.645 


75 


6.9675 


100 


9.29 
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METRIC MEASURES WITH ENGLISH 




EQUIVAT.KNl'S. 


SQUARE METERS IN SQUARE FEET. 


1 


Sq Pt. 


* 

tr. 
,26 


Sq. Ft. 


,51 


Sq. Ft. 


• 


Sq. Ft. 


10.764 


279.872 


548.979 


76 


818.087 


2 


21.528 27 


290.636 |52 


559.744I 

1 


77 


828.851 


3 


32.293^28 


301.40 


53 


570.508 


78 

1 


839.615 


4 


43.057 29 
53.821 30 


312.165 


54 


581.272 


79 


850.38 


5 


322.929 


55 

1 


592.036 


80 


861.144 


6 


64.586 31 


333.693 


56 


602.8 


.81 


871.908 


7 


75.35 


32 


344.458 


57 


613.565 


82 


882.673 


8 


86.114 33 


355.222 


58 

1 


624.329 


83 


893.436 


9 


96.879 |34 


365.986 


59 


635.094 


84 


904.207 


10 


107.643 35 

1 


376 75 


60 

1 


645.858 


85 


914.965 


11 


118.407 33 


387.545 


61 


656.622 


86 


925.73 


12 


129.172 37 


398.279 


'62 

1 


667 387 


87 


936 494 


13 


139.936 38 


409.043 63 


678.151 


88 


947.258 


14 


150.7 39 


419.808 64 

1 


688.915 


89 


958.023 


15 


161.464 40 


430.572 65 


699.679 


90 


968.787 


16 


172.229 41 


441.336 66 


710.444 


91 


979.551 


17 


182.993 142 


452.10 


,67 


721.208 


92 


990.316 


18 


193757 


43 


462 865 68 


731.971 


93 


1001.08 


19 204.522 


44 


473.629 69 


742.736 


94 1011. 844 


20 215.286 

1 


45 


484.393 70 


753.501 


95 1022.6C8 


21 226.05 


46 


495.158 


71 


764.265 


96 


1033.373 


22 236.815 


47 


505.922 


72 


775.03 


97 


1044.137 


23 247.579 


48 


516.686 


73 


785 794 

1 


98 1054,901 


24 258.343 


49 


527.45 


74 


796.558 


99 1065.666 


25 


269.107 


50 


638.215 


75 


807 322 


100 


1076 43 
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ENGLISH VTF.ASURES XTTH METRIC 


EQUIVAT,F.NTS. 




POUNDS IN KILOGRAMS. 


5 
^ 


Kilograms. 


(A 


Kilograms. 


• 
rr 

X> 


Kilograms. 




Kilograms. 


1 


.453591 


26|ll.793418 


51 23.133243 


1 7634.473068 


2 


.907186 

1 


2712.247011 52 23.586836 


77 34.926661 

1 


3 


1.360779 


2812.700604' 53 24 040429 


78 35.380254 


4 


1.814372"29'l3.154197i 


54 24 494022 


79 35.833847 


5 


2.267965 '30|l3.60779 


55 24.947615 


80 36.28744 

1 


6 


2.721558 31 14.061383 

1 1 ' 


56 25.401208 


81 36.741033 

1 


7 


3.175151^32 14.514976 


5725.854801 


82 37.194626 


8 


3.628744 33 14. 968569 

> > 1 1 


58 26.308394 


83 37.648219 


9 


4.082337 34 15,422162, 


5926.761987 


84'38.101812 


10 


4.53593 


3515.875755 


6027.21558 


85 38.555405 


11 


4.989523 |36|l6.329348 


ei 27.669173 


86 39.008998 


12 


5.443116 37 16.782941 ' 

1 1 


62 28.122766 


87 39.462591 


13 


5.896709 38 17.236534 


63'28.576359 


88 39.916184 


U 


6.350302 |39;i7.690127, 


64*29.029952 


89 40 369777 


15 


6.803895' 


4018.14372 


65 29.483545 


9040.82337 


16 


7.257488 


41 


18.597313 


66 29.937138 


9141.276963 


17 


7.711081 ' 


42 19.050906 


67j30.390731 


92 41.730556 


18 


8 164674' 


'43I19.504499 


68 30.844324 


, 93 42.184149 


19 


8.618267 


4419.958092 

1 


69 31.297917 


94 42.637742 

1 I 


20 


9.07186 


45;20.411685, 

1 1 


70 31.75151 


95^3.091335 


21 


9.525453 


'46,20.865278 


71 32.205103 
72[32.658696 


96 43.544928 


22 


9.979046 '47'21. 318871' 

1 1 


9743.998521 


23 10.432639 48 21.772464' 


7333.112289 


98'44 452114 

1 


2410.886232 49 

1 1 1 


22.226057 


7433.565882 


99 44.905707 


^5 


11.339825 


i60 


22.67965 1 


75'34.019475 


100'45.3593 
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METRIC MEASURES TTTH ENGLISH 


EQUIVALENTS. 


KILOGRAMS IN POUNDS. 


Kg. 


Po^nd.. 


Ke. 


PQUnd«.| Kg, 


Pounds. 


Kg 


Fo»nd,. 


1 


2.203 


26 


57.320 51 


112.435 


76 


167.550 


2 


4.409 


27 


59,524 52 


114.639 


77 


169.754 


3 


6.G14 


28 


01.729 


53 


116,844 


78 


171.959 


4 


8.818 


29 


63.933 


64 


119.048 


79 


174.163 


G 


11.023 


30 


66.138 


66 


121.253 


80 


176.368 


6 


13.228 


31 


68.343 


56 


133.458 


81 


178.573 


7 


15.432 


32 


70.647 


57 


125.662 


82 


180.777 


8 


17.637 


33 


72.752 


58 


127.867 


83 


182.982 


9 


19.841 


34 


74.966 


59 


130.071 


84 


185.186 


10 


22.046 


35 


77.1GI 


GO 


132.276 


85 


187.391 


11 


24.251 


36 


79.366 


61 


134.481 


86 


189.596 


12 


26.4SG 


37 


81.570 


62 


136.685 


87 


191.800 


13 


28.660 


38 


83.775, 


63 


138.890 


88 


194.005 


14 


30,S64 


30 


85,979' 


64 


141.094 


80 


196.209 


15 


33.0C9 


40 


88,184| 


65 


143.399 


90 


198.414 


IC 


35,274 


41 


90 389' 


6G 


145 504 


91 


200.619 


17 


37.478 


42 


92.693' 


67 


147.708 


92 


202.823 


18 


39.683 


43 


94.799^ 


68 


149.913 


93 


205.028 


19 


41.887 


44 


97..0O2, 


69 


152.117 


94 


207.232 


20 


44.092 


45 


99.207, 


70 


154.322 


95 


209.437 


21 


4( )7 


46 


101.412 


71 


156.527 


96 


211.642 


22 


41 )1 


47 


103.616 


72 


158.731 


97 


213.846 


23 


6( }6 


48 


105.821 


73 


160.936 


98 


216.051 


2i 


61 10 


49 


108.025 


74 


1G3.140 


99 


218.255 


25 


El ,-16 


50 


110.230 


76 


165.345 


100 


220.460 



ENGLISH MEASURES WITH METRIC 


EQUIVALENTS. 


GALLONS (of 231 ctl. ip.) IN LITERS. 


Gal, 


Liters. 


Gal. Liters. 


Gal 


Lllem. 


0^ 


Lil«s. 


1 


3.785 


2a 98.11 


51 


193.035 


76 


287.66 


2 


7.67 


27 102.195 


52 


196.82 


77 


291.145 


3 


11.355 


28 105.98 


53 


200.605 


78 


295.23 


4 


15.1* 


29 


109.7G5 


51 


2rH.39 


79 


209.015 


5 


18.025 


30 


113.66 


65 


908.175 


80 


302.8 


6 


22.71 


31 


117.336 


66 


211.96 


81 


306.586 


7 


36.105 


32 


121.12 


57 


215.745 


82 


310.37 


e 


30.28 


33 


121.905 


58 


219.53 


83 


314.155 


9 


31.065 


31 


128.69 


59 


2 i 


81 


317.94 


10 


37.85 


35 


132.476 


60 


2 


85 


321.725 


11 


ll.r35 


36 


136.26 


61 


2 3 


86 


325.51 


12- 


15.12 


37 


110.015 


62 


2; 


87 


329.295 


13 


19.205 


38 


113.83 


63 


2 i 


88 


333,08 


11 


52.99 


39 


147.615 


61 


2- 


89 


336.8C5 


15 


66.775 


40 


161.1 


65 


2' i 


90 


340.65 


16 


60.56 


11 


155.185 


66 


2. 


91 


314.135 


17 


61.315 


12 


158.97 


67 


2. 5 


92 


318.22 


18 


68 13 


13 


162.755 


68 


257.38 


93 


352.005 


19 


71.915 


11 


166.51 


69 


261.165 


94 


355.79 


20 


75.7 


15 


170.32 


70 


264.95 


95 


359.575 


21 


79.185 


16 


171.11 


71 


2G8.735 


96 


363.36 


22 


83.27 


47 


177.895 


72 


272.52 


97 


367.145 


23 


87.055 


48 


181.68 


73 


276.305 


98 


370.93 


24 


90.81 


19 


186.465 


74 


280 09 


99 


371.716 


25 


91.625 


50 


189.25 


75 


283.875 


100 


378.6 



METRIC MEASURES WITH ENGLISH 
EQUIVALENTS* 

LITERS IN GALLONS OF 231 CUBIC INCHES. 



en 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



Gallons. 



.2642 
.6283 
.7925 
1.0567 
1.3208 
1.5850 
1.8491 
2.1133 
2.3775 
2.6416 
2.9058 
3.1700 
3.4341 
3.6983 
3.9625 
4.2266 
4.4908 
4.7550 
5.0191 
5.2833 
5.5475 
5.8116 
6.0758 
6.3399 
6.6041 



0) 

u 



26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



Gallons. 

6.8683' 

7.1324 

7.3966 

7.6608 

7.9249 

8.1891 

8.4533' 

8.7174 

8.9816| 

9.2458, 

9.5099 

9.7741: 

10.0382 

10.3024' 

10.5666' 

10.8307J 

11.0949, 

11.3591j 

11.6232 

11.8874' 

12.1516* 

I2.4157I 

12.6799 

12.9441 

13.2082 



V 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 



Gallons. 



13.4724 
13.7366 
14.0007 
14.2649 
14.5290 
14.7932 
15.0574 
15.3215 
15.5857 
15.8499 
16.1140 
16.3782 
16.6424 
16.9065 
17.1707 
17.4349 
17.6990 
17.9632 
18.2273 
18.4915 
18.7557 
19.0198 
19.2840 
19.5482 
19.8123 



CO 

u 



76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



Gallons. 

20.0765 
20.3407 
20.6048 
20.8690 
21.1332 
21.3973 
21.6615 
21.9256 
22.1898 
22 4540 
22.7181 
22.9823 
23.2465 
23.5106 
23.7748 
24.0390 
24.3031 
24.5673 
24.8315 
25.0956 
25.3598 
25.6240 
25.8881 
26 1523 
26.4164 
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Tlie loternabonal Metric Screw ThreacL 

The International Congress for the 
Standardization of Screw Threads, held 
at Zurich, Switzerland, October 2-4, 
1898, recommend that the thread sec- 
tion of the proposed international 
thread should have its sides at an 
engle of 60 degrees and the top and 
bottom of the thread flattened }^ the 
pitch, making the limiting conditions 
exactly the same as the United States, 
Standard thread. The system of pitches 
recommended, is nearly the same as 
one established by the Society for 
the Encouragement of National Indus- 
tries. 

The system is known under the 
name of International System (System 
International. S. I.) 

The clearance of one-sixteenth the 
height of the original thread triangle, 
permits the use of either flat or rounded 
threads on the taps as the mean thread 
diameter is the same in either case. 



Pitch — 



Number threads to one mm. 
Depth — PX. 6495 

P 

Flat 

8 
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L. 



Nominal Diameter af Seraw. 


PHA. 


MIIUiMteri 


Inches. 


NairMt64ths 


Millimetert. 


Inches. 


6 


.236 


il + 


1 


.0394 


7 


.275 


A- 


1 


.0394 


8 


.315 


1*,+ 


u 


.0492 


9 


.354 


«- 


u 


.0492 


10 


.394 


f*+ 


u 


.0590 


11 


.433 


A- 


u 


.0590 


12 


.472 


iH- 


u 


.0689 


14 


.551 


H+ 


2 


.0787 


16 


.630 


1 + 


2 


.0787 


18 


.709 


-H+ 


2i 


.0984 


20 


.787 


fl+ 


2i 


.0984 


22 


.866 


11+ 


2i 


.0984 


24 


.945 


if+ 


3 


.1181 


27 


1.063 


1A+ 


3 


.1181 


30 


1.181 


1JH 


Zi 


.1378 


33 


1.299 


1H+ 


Zh 


.1378 


36 


1.416 


Vd- 


4 


.1575 


39 


1.535 


1H+ 


4 


.1575 


42 


1.653 


115- 


4i 


.1772 


45 


1.772 


1il+ 


4i 


.1772 


48 


1.890 


1IJ- 


5 


.1968 


52 


2.047 


2AH- 


5 


.1968 


56 


2.204 


2if+ 


Si 


.2165 


60 


2.362 


2i3+ 


Bi 


.2165 


64 


2.520 


2U+ 


6 


.2362 


68 


2.677 


2n+ 


6 


.2362 


72 


2.835 


2U- 


6i 


.2559 


76 


2.992 


2fJ+ 


6i 


.2559 


80 


3.150 


3/,- 


7 


.27S6 
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Thraadt 
^r Inch. 


Uf Mil tin. 




• 






Nlllmtori 


Inches. 


NMrMt64tt» 


251 


4.V 


.185 


A- 


251 


5A 


.224 


. A+ 


20A 


61 


.251 


i + 


20.V 


71 


.290 


H- 


16H 


8^ 


.317 


A+ 


16H 


9^ 


.356 


H- 


Uli 


9i 


.383 


1 + 


12tV 


1U 


.449 


H- 


12iV 


131 


,528 


H- 


10,^ 


141 


.581 


H+ 


lOiV 


161 


.659 


H+ 


10A 


181 


.738 


«+ 


8,V 


20iV 


.791 


H- 


8tV 


23A 


.910 


H+ 


7,V 


25A 


1.002 


1 + 


Z/r 


28iV 


1.120 


1A+ 


6iii 


301 


1.212 


1H- 


6,V 


331 


1.330 


m+ 


S!f 


36iV 


1.423 


11-^+ 


5H 


39,V 


1.542 


12J- 


Si'i 


4U 


1.634 


ia- 


5A 


45} 


1.791 


iii- 


4H 


48i} 


1.923 


1H+ 


421 


521i 


2.083 


2A+ 


4<V 


56 i 


2.213 


2A- 


4iV 


60i^ 


2.370 


21- 


311 


63ii 


2.500 


2* + 


311 


67ii 


2.660 


2H+ 


W 


70A^ 


2 791 


2H+ 



Standard Pipe and Pipe Threads. 



STANDARD 

PIPE 

AND 

PIPE 

THREADS. 



Illl^ 




,,r»AAiWA/NAAAfc:5l.L 



A — outside diameter of perfect thread. 

B — " Inside diameter of pipe. 

C = root diameter of thread at end of pipe. 

D =■ outside diameter of thread at end of pipe. 

jK" — length of perfect thread. 

/'— total length of thread, 
G — length of perfect thread plus two threads. 

BRIGGS* FORMULA. 
E — perfect thread — (4.8 + 0.8 A) P» 

P — pitch of thread — — , 

N 

N^ number of thieads. 
F — length of taper at top. 
Taper |^" to one foot. 

I 

Height of thread ^^ 8 — . 

N 

G — length of ^4ioer at bottom* 
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^ 


• 






CD»OC<IC«CIIAO«9. 




^^ 


* 













lb 


in 
^«oc0ooeeeea^«or«r>««eMa»e«-;C4io^io<o 


w 


lA 

o»o»^e»e^vu»«oo»u»eiAC9«ou9c0<»<or*.oo 




»oeMcec0u»fots.«oe>eoK»eoroK»e>r».eesi<»iA«iA 
e»cMu>^C4eoe>4«oro^«ro«roeowroesi«e>es 
»ou»coeo^e4«oe»^oo^0>^o>«*mmmiACDeee» 

* *^ 1-^ r^ f^ C4 M ro fo ^ V lA «0 r^ eo e» e «i^ eS 








M»o^«oeoc3i>oc0c»^G»u»<9inaeG»e»CDec4>-; 

* *^ ifI *i^ M C« lO r<» ^ V U» «0 r«I fil eO CD ^ C4 




U>^U»C9e9m^^lAiAC9^^^rOIAU»U»IOC3C9e9 

«B^r<<-^u>i'>«oc»r«»r«-e3e9C9e9coc40ieMC4me»C9 
^tA«oeeatoc0o«Kooetoe>u>^<o«0c0coc0rN.ae» 


1 


•^ Hn -« •«• 


1 


>fa ft* -^a *«• iM t# 1" .«».«« »^ 



QfCttrnfefenccs of Gffcici* 

These tables are arranged to give all 
circumferences between % inch and 
loo^ inches, varying by %. The whole 
numbers are at the left, fractions at the 
top. The first column gives circumfer- 
ences of even inches, as, beside ii is 
34.558. For ii}i inches follow the same 
line to the last column, marked J4 ^^ the 
top and find 36.914. The circumference 
of a J^-inch circle is 1.571 inches. These 
can be used for inches, feet, yards, or 
meters by remembering that if you look 
for the circumference of a 7-foot circle 
the answers are in feet instead of inches. 
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CIKCUMFSEXNCBS OF CIRCLES. 



I 
2 

3 
4 
5 
6 

7 
8 

9 

10 

II 

12 

13 
14 
15 

i6 

17 
i8 

19 

20 
21 
22 
23 

24 
25 
26 

27 
28 

29 

30 

31 
32 

33 
34 
35 
36 



3.1416 
6.282 



.785 

3.927 
7.068 



9.425 


10.21 


12.566 


13.352 


15 . 708 


16.493 


18.850 


19.635 


21.991 


22.776 


25.133 


25.918 


28.274 


29.06 


31.416 


32.201 


34.558 


35.343 


37.699 


38.485 


40.841 


41.626 


43.982 


44.768 


47.124 


47.909 


50.265 


51.051 


53.407 


54.192 


56.549 


57.334 


59.69 


60.476 


62.832 


63.617 


65.973 


66.759 


69.115 


69.9 


72.257 


73.042 


75.398 


76.184 


78.54 


79.325 


81.681 


82.467 


84.823 


85.608 


87.965 


88.75 


91.106 


91.892 


94.248 


95.033 


97.389 


98.175 


100.531 


IOI.3I6 


103 . 673 


104.458 


106.814 


107.6 


109.956 


no. 741 


113.097 


113.883 



}i 



1. 571 
4.712 
7.854 

10.996 

14.137 
17.279 

20.42 

23.562 

26.704 

29.845 

32.987 
36.128 

39.27 

42.412 

45.553 

48.695 
51.836 
54.978 

58.119 
61.261 

64.403 

67.544 
70.686 

73.827 

76 . 969 
80. Ill 
83.252 

86 . 394 

89.535 

92.677 

95.819 

98.96 

102.102 

105 . 243 

108.385 

III. 527 
114.668 



2.356 

5.498 
8.639 
II. 781 
14.923 
18.064 
21.206 
24.347 

27.489 
30.631 

33.772 
36.914 
40.055 

43 . 197 
46.338 
49 . 480 
52.622 
55.763 

58.905 
62.046 
65.188 
68.33 

71.471 
74.613 

77.754 
80.896 

84.038 

87.179 

90.321 

93. 462 

96.604 

99.746 

102 . 887 

106 . O29 

109. 17 

112. 312 

"5.454 
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CIRCUMFERENCES OF CIRCLES. 





; 


X 


H 


^ 


37 


116.239 


117.024 . 


117.81 


118.596 


38 


119. 301 


120.166 


120.951 


121.737 


39 


122.522 


123.308 


124.093 


124.878 


40 


125.664 


126.449 


127.235 


128.02 


41 


128.805 


129.591 


130.376 


131. 161 


42 


131.947 


132.732 


133.518 


134.303 


43 


135.088 


135.874 


136.659 


137.445 


44 


138.23 


139.015 


139.801 


140.586 


45 


141.372 


142.157 


142.942 


143.728 


46 


144.513 


145 . 299 


146.084 


146.869 


47 


147.655 


148.44 


149 . 266 


150. on 


48 


150.796 


151.582 


152.367 


153.153 


49 


153.938 


154.723 


155.509 


156.294 


50 


157.08 


157.865 


158.65 


159.436 


51 


160.221 


161.007 


161 . 792 


162.577 


52 


163 . 363 


164.148 


164.934 


165.719 


53 


166 . 504 


167.29 


168.075 


168. 86i 


54 


169.646 


170.431 


171. 217 


172.002 


55 


172.788. 


173.573 


174.358 


175.144 


56 


175.929 


176.715 


177.5 


178.285 


57 


179.071 


179-856 


180.642 


181.427 


58 


182.212 


182.998 


183.783 


184.569 


59 


185.354 


186.139 


186.925 


187.71 


60 


188.496 


189.281 . 


190.066 


190.852 


61 


191.637 


192.423 


193 . 208 


193-993 


62 


194.779 


195.564 


196.35 


197.13s 


63 


197.92 


198 . 706 


199.491 


200.277 


64 


201.062 


201 . 847 


205.633 


203.418 


65 


204.204 


204 . 989 


205.774 


206.56 


66 


207.345 


208.131 


208.916 


209.701 


67 


210.487 


211.272 


212.058 


212.843 


68 


213.628 


214.414 


215.199 


215.984 


69 


216.77 


217.555 


218.341 


219.126 


70 


219. 911 


220.697 


321.482 


222 . 268 


71 


223.053 


223.838 


224 . 624 


225.409 


72 


226.195 


226.98 


227.765 


228.551 


73 


229 . 336 


230.122 


230.907 


231.692 
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br axcLis. 



74 


333.478 


333.263 


334.049 


7S 


335.619 


336.405 


237.19 


76 


338.761 


339.546 


340.333 


77 


341.903 


343. 6SS 


343.473 


78 


34s. 044 


345.83 


346.615 


79 


34B.186 


348.971 


349-757 


8o 


351.337 


353.113 


352.898 


Si 


354.469 


355-354 


356.04 


83 


357.6" 


358.396 


359.181 


83 


360.75a 


361.538 


263.333 


8* 


263.894 


364.679 


365.465 


85 


267.035 


367.821 


368.606 


86 


370.177 


370.963 


271.748 


87 


273.319 


374.104 


274-889 


88 


376.46 


377.246 


378.031 


89 


379-603 


380.387 


381.173 


90 


282.743 


333.539 


384-314 


91 


385.885 


386.67 


387-456 


9S 


289.037 


389.813 


390-597 


93 


393.168 


393.954 


393.739 


94 


395.3' 


396.095 


396,881 


9S 


398-451 


399,337 


300.033 


96 


301, J93 


303.378 


303.164 


97 


304.734 


305.53 


306.305 


98 


307.876 


308.661 


309.447 


99 


311. oiB 


311,803 


312.588 


00 


314.159 


314. 144 


315.739 



334.834 
337.976 
341.117 
344.359 

247.4 

350.543 

353.684 

356.835 

359.967 

363 . loS 

366 . 350 

369 . 39* 

373.533 

375.675 

378.816 

381.958 

385.1 

391.383 

394-534 
300.807 : 
303-949 
307-091 
310.332 



AttM oi Gbdct* 

These tables are arranged to give areas 
of all circles from % inch diameter to 
100^ inches. The whole numbers are at 
the left, fractions at the top. The first 
column gives the areas of even inches, as, 
beside 17 is the area 226.98 square inches. 
For iy}i inches follow the same line to 
the last column, marked ^ at the top, 
and find 247.45. The area of a j4-inch 
circle is .1963 square inch. 

These can be used for inches, feet, 
yards or meters by remembering that if 
you look for the area of a 7-foot circle the 
answer is square feet instead of inches. 



1 



136 



aAxas of circlbs. 







H 


>i 


H 




••••••••• 


.0491 


.1963 


.4418 


I 


.7854 


1.2272 


I. 7671 


2.4053 


s 


3.1416 


3.9761 


4.9087 


5.9396 


3 


7.0686 


8.2958 


9.6211 


11.045 


4 


12.566 


14.186 


15.904 


17.728 


5 


19.635 


21.648 


23.758 


25.967 


6 


28.274 


30.68 


33.183 


35.785 


7 


38.485 


41.282 


44.179 


47.173 


8 


50.265 


53.456 


56.745 


60.132 


9 


63.617 


67.201 


70.882 


74.662 


lo 


78.54 


82.516 


86.59 


90.763 


II 


95.033 


99.402 


103.87 


108.43 


12 


113.1 


117.86 


122.72 


127.68 


13 


132.73 


137.89 


143.14 


148.49 


14 


153.94 


159.48 


165.13 


170.87 


15 


176. 7X 


182.65 


188.69 


194.83 


i6 


201.06 


207.39 


213.82 


220.35 


17 


226.98 


233.71 


240.53 


247.45 


i8 


«54.47 


261 . 59 


268.8 


276.12 


19 


283.53 


291.04 


298.65 


306.35 


30 


314.16 


322.06 


330.06 


338.16 


21 


346.36 


354.66 


363.05 


371.54 


22 


380.13 


388.82 


397.61 


406.49 


23 


415.48 


424.56 


433.74 


443.01 


34 


452.39 


461.86 


471.44 


481. II 


25 


490-87 


500.74 


510.71 


520.77 


26 


530.93 


541 . 19 


551.55 


562. 


37 


572.56 


583.21 


593.96 


604.81 


28 


615.75 


626.8 


637.94 


649.18 


29 


660.52 


671.96 


683.49 


695.13 


30 


706.86 


718.69 


730.62 


742.64 


31 


754.77 


766.99 


779.31 


791.73 


3« 


804.25 


816.86 


829.58 


842 . 39 


33 


855.3 


868.31 


881.41 


894.62 


34 


907.92 


921.32 


934.82 


948.42 


35 


962.11 


975. 91 


989.80 


1003.8 


36 


1017.9 


1032. I 


1046.3 


1060.7 
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ARKAS OF eiKGLBS. 







X 


>i 


X 


37 


1075.2 


1089.8 


. 1104.5 


.."19.2 


38 


1134. I 


II49.I 


1164.2 


. "79-3 


39 


1194.6 


12 10. 


1225.4 


1341. 


40 


1256.6 


1272.4 


1288.2 


1304.2 


41 


1320.3 


1336.4 


1352.7 


1269. 


4a 


1385.4 


1402. 


1418.6 


1435.4 


43 


1452.2 


1469. I 


1486.2 


1503.3 


44 


1520.5 


1537.9 


1555.3 


1572.8 


45 


1590.4 


1608.2 


1626. 


1643.9 


46 


1661.9 


1680. 


1698.2 


1716.5 


47 


1734.9 


1753-5 


1772. I 


1790.8 


48 


1809.6 


1828.5 


1847.5 


1866.5 


49 


1885.7 


1905. 


1924.4 


1943.9 


50 


1963.5 


1983.2 


2003. 


2022.8 


51 


2042 . 8 


2062.9 


2083.1 


2103.3 


53 


2123.7 


2144.2 


2164.8 


2185.4 


53 


2206 . 2 


2227. 


2248. 


2269.1 


54 


2290.2 


2311. 5 


2332.8 


2354.3 


55 


2375.8 


2397 . 5 


2419.2 


2441. I 


56 


2463. 


2485. 


2507.2 , 


2529.4 


57 


2551.8 


2574.2 


2596.7 


2619.4 


58 


2642.1 


2664.9 


2687.8 


2710.9 


59 


2734. 


2757.2 


2780.5 


2803.9 


60 


2827.4 


2851. 


2874.8 


2898.6 


61 


2922 . 5 


2946.5 


2970.6 


2994.8 


69 


3019. I 


3043 . 5 


3068. 


3092.6 


63 


3117.2 


3142. 


3166.9 


3151.9 


64 


3217. 


3242.2 


3267.5 


3^92.8 


65 


3318.3 


3343.9 


3369.6 


3395.3 


66 


3421.2 


3447.2 


3473 . 2 


3499.4 


67 


3525.7 


3552. 


3578.5 


3605. 


68 


3631.7 


3658.4 


3685.3 


3712.2 


69 


3739.3 


3766.4 


3793 . 7 


3821. . 


70 


3848.5 


3786. 


3903.6 


3931.4 


71 


3959.2 


3987.1 


4015.2 


4043.3 


7a 


4071.5 


4099.8 


4128.2 


4156.9 


73 


4185.4 


4214. I 


4242.9 


4271.9 
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AREAS OF CIRCLES. 



74 
75 
76 

77 
78 

79 
So 

8i 

82 

83 
84 

85 
86 

87 
88 
89 
90 

91 
92 

93 
94 
95 
96 

97 
98 

99 
100 





X 


>i 


•X 


4300.8 


4329.9 


4359.2 


4388.5 


4417.9 


4447.4 


4477. 


4506.7 


4536.5 


4566.4 


4596.3 


4626.4 


4656.6 


4686.9 


4717.3 


4747.8 


4778.4 


4809. 


4839.8 


4870.7 


4901.7 


4932.7 


4963.9 


4995.2 


5026.5 


5058. 


5089.6 


5121.2 


5153. 


5184.9 


5216.8 


5248.9 


5281. 


5313.3 


5345.6 


5378.1 


5410.6 


5443.3 


5476. 


5508.8 


5541.8 


5574.8 


5067.9 


5641.2 


5674.5 


5707.9 


5741.5 


5775.1 


5808.8 


5842.6 


5876.5 


5910.6 


5944.7 


5978.9 


6013.2 


6047.6 


6082.1 


6II6.7 


6I5I.4 


6186.2 


6221. I 


6256.1 


6291.2 


6326.4 


6361.7 


6397.1 


6432.6 


6468 . 2 


6503.9 


6539.7 


6575.5 


6611.5 


6647.6 


6683.8 


6720.1 


6756.4 


6792.9 


6829.5 


6866.1 


6902 . 9 


6939.8 


6976.7 


7013.8 


7051. 


7088. 


7125.6 


7163. 


7200.6 


7238.2 


7276. 


7313.8 


7351.8 


7389.8 


7428. 


7466.2 


7504.5 


7543. 


7581.5 


7620.1 


7658.9 


7697.7 


7736.6 


7775.6 


7814.8 


7854. 


7893.3 


7932.7 


7972.3 



139. 



INDEX. 

PAOI 

Algebra 91 
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Decimals— Continued. 

Changing common fractions to 

Division of 

Eqniyalents of an inch 

Multiplication of 

Pointing off 

Subtraction of 
Depth of V threads 

" ** U. S. S. threads . 
Diagonal of square 
Drilling for taps 
Drills — speed of 
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Emery wheels — speed of 
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Factoring • 

Formulas . 
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Gears and pulleys — speed of 
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Handy ways of calculating 
Hexagon .... 
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Law of squares 

Mensuration 
Metals— properties of 
Metric system of me<asurements 
** tables 
** units 
Metric units. 

Are 

Gram .... 

Liter , 

Meter 
Milling cutters — speed of 
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Nuts and bolts 
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Proportion, or **rule of three" 
Pulleys and g€ars— speed of 

Bevolutions of pulley 

Bight angle 

Rules. 
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38 
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32 
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Hmes^ Continued. 
Screw cutting 
Square root 
Surface of cone 

*' *' sphere 
Volume of cone 

** '* sphere 

Screw cutting 

Signs used in formulas 

Speed of milling cutters — drills and work 
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'* " polishing wheels 

*' '* pulleys and gears 

Sphere or ball — surface of 
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Squaring a number 
Square measure units — foot note . 
Square reame]*— calculating size of 
Square root. 
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Principles of 
Steel shaft—weight of 
'* drills and taps 
** grindstones and emery wheels 
Strength of bolts and nuts 

Tables. 

Area of regular figures 
Bolts and nuts— strength of . 
Converting metric to English 
Decimal equivalents of an inch 
Feet to meters . . 

Gallons to liters 
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72 
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66 
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58 
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15 
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Tables — Continued. tA*T» 

Inches to meters , • . .117 

Kilograms to pounds . . 124 
Liters to gallons .... 126 

Metric conversion table . . 116 

Metric system . . 116 to 126 

Meters to feet . . . 120 

Millimeters to inches . . .118 

Pounds to kilograms . . . 123 

Speed of milling cutters . ^ . .65 

** ** drills and taps ,. 67 

Square feet to square feet . . 121 

Square meters to square feet . . 122 

Tap drills . . . . • 5^ 

Wrought iron pipe sizes and threads . 112 

Taps— drilling for . • • - ^^ 

K — speed of . • .66 

Tap drills— table of . .66 

Thread cutting .... 47-98 
Threads. 

DrUlingfor .... 64: 

United States Standard— depth of . 55 

V threads— depth of . . .52 

Wrought iron pipe sizes . . 112 

Triangles ..... ^3 

Turret — weight of . . . .41 

Vinculum . . . • .30 

Weight of metals . . . .46 

'' steel ahah ... 28 

♦' turret . . . * 41 
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AUTOMOBILES— MOTORCYCLES 

— — - 

MODKRN GASOLINB AUTOMOBILE!. ITS DBS- 
SIGN, CONSTRUCTION AND REPAIR. By Victor 
W. Pag£. The most complete, practical and up-to-date 
treatise on gasoline automobiles, explaining fully all princi- 
ples pertaining to gasoline automobiles and their component 
parts. It contains the latest and most reliable information 
on all phases of automobile construction, operation, mainte- 
nance and repair. 1917 Edition just published. 5J/^ x 7}^. 
Cloth, 850 pages, 600 illustrations, 12 folding plates. 

Price 92.60 

QUESTIONS AND ANSWERS RELATING TO 
MODERN AUTOMOBILE CONSTRUCTION, DRIV- 
ING AND REPAIR. By Victor W. Pag6. A practi- 
cal self -instructor for students, mechanics and motorists, con- 
sisting of thirty-seven lessons in the form of questions and 
answers, written with special reference to the requirements 
of the non-technical reader desiring easily understood ex* 
planatory matter relating to aU branches of automobiling. A 
popular work at a popular price. 5^x7^. Cloth, 650 
prices, 392 illustrations, 3 folding plates. 1917 Edition just 
published. Price, f l.SO 

AUTOMOBILE REPAIRING MADE EASY. By 

Victor W. Pag6. A thoroughly practical book containing 
complete directions for making repairs to all parts of the 
motor car mechanism. Written in 'a thorough but non- 
technical manner. This book contains special instructions on 
Tire repairing and rebuilding. Latest timing practice. Eight- 
and twelve-cylinder motors, etc., etc. You will never "get 
stuck" on a job if you own this book. 1;000 specially made 
engravings on 500 plates. X,056 pages (5>ix8). 11 folding 
plates. 1917 Edition. Price, ^3.00 

STARTING, LIGHTING AND IGNITION SYS- 
TEMS. By Victor W. PAcfe. A practical treatitt on 
modern starting and ignition system practice. Includes a 
complete exposition of storage battery construction, care and 
repair. Ejcplains all types of starting motors — pjenerators— * 
magnetos and all ignition or lighting system units. Notb 
ing has been omitted, no details have been slighted. Nearly 
500 pages. 2^7 specially made engravings. 1917 Edition, 

Price, $1.50 

THE MODEL T FORD CAR, ITS CONSTRUCT 
TION, OPERATION AND REPAIR. By Victor W. 
PAGi. This is a complete instruction book. All parts of the 
Ford Model T Car are described and illustrated; the con- 
struction is fully described and operating principles made 
clear to everyone. Every Ford owner needs this practical 
book. 1917 Edition. 75 illustrations, 30O pages, 2 large 

ce, 91.00 



Dook. 1917 tLaiUon. 75 Illustrations, iUi) pag 
folding plates, Pri< 



HOW TO RUN AN AUTOMOBILE. By Victor W. 
PAGi, This treatise gives concise instructions for starting 
and running all makes of gasoline automobiles, how to care 
for them, and gives distinctive features of control. Describes 
«very step for shifting gears, controlling engine, etc. Thor- 
oughly illustrated. Price, Sl.OO 



AUTOMOBILES WEHjOlJiQ TITITH THE3 OXY- 
ACBTYJLBNB FLAMES. By M. Keith Dunham. Ex- 
plains in a simple manner apparatus to be used, its care, and 
how to construct necessary shop equipment. Proceeds then 
to the actual welding of all automobile parts, in a manner 
understandable by everyone. Gives principles never to be 
forgotten. Aluminum, cast iron, steel, copper, brass, bronze 
and malleable iron are fully treated, as well as a clear ex- 
planation of the proper manner to bum the carbon out of 
the combustion head. This book is of utmost value, since 
the perplexing problems arising when metal is heated to a 
melting point are fully explained and the proper methods to 
overcome them shown. 167 pages, fully illustrated. 

Price, 91.00 

THE] AUTOMOBIIilST'S POCKET COMPANION 

AND BXPSSNSB RESCORD. By Victor W. PagI 
This book is not only valuable as a convenient cost record 
but contains much information of value to motorists. In^ 
eludes a condensed digest of auto laws of all States, a lubri- 
cation schedule, hints for care of storage batterv and care of 
tires, location of road troubles, anti-freezing solutions, horse- 
power table, driving hints and many useful tables and recipes 
of interest to all motorists. Not a technical book in any 
sense of the word, just a collection of practical facts in sim- 
ple language for the everyday motorist. Convenient pocket 
siae. Price, f 1.00 

MOTORCYCIiESS, SIDES CARS AND CYCLB- 
CARSy THESIR CONSTRUCTION, MANAGESMENT 
AND RESPAIR. By Victor W. PAcfe. Describes fully 
all leading types of machines, their design, construction, 
maintenance, operation and repair. 550 pages. 350 specially 
made illustrations, 5 folding plates, Price^ f l*ffO 

AUTOMOBILE CHARTS 



liOCATioN OF gasoline: esngins troubles 

MADE3 ESASIT. This chart shows clearly all parts of a 
typical four-cylinder gasoline engine of the four-cycle type. 
It simplifies location of all engine troubles. No details 
omitted. Size 25 x 38 inches. Securely mailed on receipt of 

Price, 20 cent* 

LOCATION OF OARBURBTION TROUBLES 
MADE3 ELA.SY, It shows clearly how to find carburetion 
troubles and names all defects liable to exist in the various 
parts. Instructions are given for carburetor adjustment. 
Size 24 X 38 inches Price, 26 cents 

LOCATION OF IGNITION SYSTEM TROUBLES 
made: bast. In this chart all parts of a typical double 
ignition system using battery and magneto current are shown, 
and suggestions are given for readily finding ignition troubles 
and eliminating them when found. Size 24 x 38 inches. 

Price, 25 cents 

LOCATION OF ENGINE COOLING AND LUB- 
RICATING TROUBLES MADE EASY. This is a 
combination chart showing all components of the approved 
form of water cooling group as well as a modern engine lu- 
brication system. It shows all points where defects c»st 
that may result in engine overheating, both in cooling and 
oiling systems. Size 24 x 38 inches. Price* 26 centt 



LOCATION OF FORD BNGINB TROUBLES 
HADB CSASY. Chart shows clear sectional views depict- 
ing all portions of the Ford power plant and auxiliary groups. 
It outlines clearly all parts of the engine, fuel supply sys- 
tem, ignition group and cooling system, that are apt to give 
trouble, detailing all derangements that are liable to make an 
«ngine lose power, start hard or work irregularly. This 
chart simplifies location of all engine faults. Size 25 x 38 
inches. Price, 25 cents 

LUBRICATION OF THE MOTOR CAR CHASSIS. 

This chart presents the plan view of a typical six-cylinder 
chassis of standard design and outlines all important bear- 
ing points requiring lubrication, and is a valuable guide to 
the correct lubrication of any modern car. A practical chart 
for all interested in motor car maintenance. Size 24 x 38 
inches. Price, 26 cents 

LOCATION OF MOTOR CYCLE TROUBLES 
Made easy. This chart simplifies location of all power 
plant troubles and will prove of value to all who have to do 
with the operation, repair or sale of motorcycles. No details 
omitted. Size 30 x 20 inches. Price, 26 cents 



BRAZING AND SOLDERING 



BRAZI^TG AND SOLDERING. By James F. 
HoBART. The only book that shows you just how to handle 
any job of brazing or soldering that comes along; it tells 
you what mixture to use. how to make a furnace if you 
need one. Full of valuable kinks. The fifth edition of this 
book has just been published, and to it much new matter 
and a large number of tested formulas for all kinds of 
Mders and flaxes have been added. Illustrated, SS5 cents 



CHARTS 



MODERN SUBMARINE CHART— TTITH 200 
i'ARTS NUMBERED AND NAMED. A cross-section 
view, showing clearly and distinctly all the interior of a 
submarine of the latest type. No details omitted— everything 
is accurate and to scale. This chart is really an enc^lo' 
pedia of a submarine. Price, 25 cents 

BOX CAR CHART. A chart showing the anatomy of 
a box car, having every part of the car numbered and its 
proper name given in a reference list. Price, 25 centti 

GONDOLA CAR CHART. A chart showing the 
anatomy of a gondola car, having every part of the car 
numbered and its proper reference name given in a refer- 
ence list Price, 25 cents 

PASSENGER CAR CHART. A chart showing the 
anatomy of a passenger car, having every part of the car 
numbered and its proper name given in a reference list. 

Price, 25 cents 



STEEIi HOPPER BOTTOM COAI. CAR. A chart 

showing the anatomy of a steel hopper bottom coal car, 
having every part of the car numbered and its proper name 
given in a reference list. , Price, 25 centi 

TRACTIVE POWER CHART. A chart whereby 
you can find the tractive power or drawbar pull of any loco- 
motive without making a figure. Shows what cylinders are 
equal, how driving wheels and steam pressure affect the 
power. What sized engine you need to exert a given draw- 
oar pull or anything you desire in this line. 50 ceatii 

HORSE POWER CHART. Shows the horse power 
of any stationary engine without calculation. No matter 
what the cylinder diameter of stroke, the steam pressure or 
cut-off, the revolutions, or whether condensing or non-con- 
densing, it's all there. Easy to use, accurate and saves time 
and calculations. Especially useful to engineers and de- 
signers. Price, 50 cents 

BOILER ROOM CHART. By Geo. L. Fowler. A 
chart — s»c 14 x 28 inches — showing in isometric perspective 
the mechanisms belpn^ng in a modern boiler room. This 
chart is really a dictionary of the boiler room — tne names 
•t more than 200 parts heing given. Price, 25 cents 

COMPRESSED AIR 



COMPRESSED AIR IX Alili ITS AFPLICA- 
TIONS. By Gardner D. Hiscox. This is the most com- 
plete book on the subject of air that has ever been issued, 
and^ Its thirty-five chapters include about every phase of the 
subject one can think of. It may be called an encyclopedia 
of compressed air. It is written by an expert, who, in its 
665 pages, has dealt with the subject in a comprehensive 
manner, no phase of it being omitted. Over 500 illustra- 
tions. Fifth Edition, revised and enlarged. Cloth bound, 
'^5.00. Half Morocco, Price, #6.50 

This is the standard work on this important subject 



CONCRETE 



CONCRETE TVALIi FORMS. By A. A. Houghtok. 
A new automatic wall clamp is illustrated with working 
drawings. Other types of wall forms, clamps, separators, 
etc., are also illustrated and explained. Prtoe^ 50 cents 

CONCRETE FLOORS AND SIDEllTAIiKS. By 

A. A. IIgughton. The molds for molding squares, hexagonal 
and many other styles of mosaic floor and sidewalk blocks 
are fully illustrated and explained. Price, SO cents 

PRACTICAL CONCRETE SlliO CONSTRUC- 
TION. By A. A. Houghton. Complete working drawings 
and specifications are given for several styles of concrete 
silos, with illustrations of molds for monolithic and block 
silos. The table*;, data, and information presented in this 
book are of the utmost value in planning and constructing 
%U forms of concrete silos. Price. 60 cents 



MOLDING CONCRIflTEJ BATH TUBS, AQTTAR^ 
lUMS AND NATATORIUMS. By A. A. Houghton. 
Simple molds and instruction are given for molding differ- 
ent styles of concrete bath tubs, swimming pools, etc. 

Prlce^ 60 cents 

HOLDING CONCRETE CHIMNBYS, SliATB 
AND ROOF TILESS. By A. A, Houghton. The manu- 
facture of all types of concrete slate and roof tile is fully 
treated. Valuable data on all forms of reinforced concrete 
roofs are contained within its pages. The construction of 
concrete chimneys b^ block and monolithic systems is fully 
illustrated and described. A number of ornamental designs 
of chimney construction with molds are shown in this 
valuable treatise. Pricey 60 cent* 

MOLDING AND CURING ORNAMENTAL CON- 
CRETES. By A. A. Houghton. The proper proportions 
of cement and aggregates for various finishes, also the meth- 
ods of thoroughlv mixing and placing in the molds, are fully 
treated. An exhaustive treatise on this subject that every 
concrete worker will find of daily use and value. 

PricCy 60 cent* 

CONCRETE MONUMENTS, MAUSOLEUMS AND 
BURIAL VAULTS. By A. A. Houghton. The mold- 
ing of concrete monuments to imitate the most expensive 
cut stone is explained in this treatise, with working draw- 
ings of easily built molds. Cutting inscriptions and designs 
is also fully treated. Price, 60 cents 

CONCRETE BRIDGES, CULVERTS AND SEVIT. 
BRS. By A. A. Houghton. A number of ornamental con- 
crete bridges with illustrations of molds are given. A co^ 
lapsible center or core for brid^^es, culverts and sewers is 
fully illustrated with detailed instructions for building. 

Pricey 60 cents 

CONSTRUCTING CONCRETE PORCHES. By 

A. A. Houghton. A number of designs with working: draw- 
ings of molds are fully explained so any one can easily con- 
struct different styles of ornamental concrete porches with- 
out the purchase of expensive molds. Price, 60 cents 

MOLDING CONCRETE FLOTV'ER POTS, 
BOXES, JARDINIERES, ETC. Bv A. A. Houghton. 
The molds for producing many original designs of flower 
pots, urns, flower boxes, jardinieres, etc., are fully illustrated 
and explained, so the worker can easily construct and operate 
same. Price, 60 cents 

MOLDING CONCRETE FOUNTAINS AND 
LAWN ORNAMENTS. By A. A. Houghton. The 
molding of a number of designs of lawn seats, curbing, hitch- 
ing posts, pergolas, sun dials and other forms of ornamental 
concrete, for the ornamentation of lawns and Mrdens, is 
fully illustrated and described. Price, 60 cents 

CONCRETE ON THE FARM AND IN THi«; 
SHOP. By H. CoLViN Campbell. This is a new book 
from cover to cover, illustrating and describing in plain, 
simple language many of the numerous appliances of concrete 
within the range of the home worker. 150 pages, 51 illus- 
trations. Price, 76 cents 



concrete: from sand molds. By A, A. 

Houghton. A practical work treating on a process which 
has heretofore been held as a trade secret by the few who 
possessed it, and which will successfully mold every and any 
class of ornamental concrete work. The process of molding 
concrete with sand molds is of the utmost practical value, 
possessing the manifold advantages of a low cost of molds, 
the ease' and rapidity of operation, perfect details to all orna- 
mental designs, density and increased strength of the con- 
crete, perfect curing of the work without attention and the 
easy removal of the molds regardless of any undercutting 
the design may have. 192 pages. Fully illustrated. Cloth. 

Price, f 2.00 

ORNAMENT Ali CONCRETE "WITHOUT 
MOIiDS. By A. A. Houghton. The process for making 
ornamental concrete without molds has long been held as a 
secret, and now, for the first time, this process is given to 
the public. The book reveals the secret and is the only 
book published which explains a simple, practical method 
whereby the concrete worker is enabled, by emploving 
wood and metal templates of different designs, to mola or 
model in concrete any cornice, archivolt, column, pedestal, 
base cap, urn or pier in a monolithic form — right upon the 
job. These may be molded in units or blocks, and then 
built tip to suit the specifications demanded. This work is 
fullv illustrated, with detailed engravings. Cloth. 

Price, f2.00 

POPULAR HANDBOOK FOR CEMENT AND 
CONCRETE USERS. By Myron H. Lkwis. Everything 
of value to the concrete user is contained,- including kinds 
of cement employed in construction, concrete architecture, 
inspection and testing, waterproofing, coloring and painting, 
rules, tables, working and cost data. The book comprises 
thirty-three chapters. A valuable addition to the library of 
every cement and concrete user. Cloth, 430 pages, 126 illus- 
trations. Price, 92.60 

WATERPROOFING CONCRETE. By Myron H. 
Lewis. Modern methods of waterproofing concrete and other 
structures. A condensed statement of the principles, rules 
and precautions to be observed in waterproofing and damp* 
proofing structures and structural materials. Paper binding. 
Illustrated. Second Edition. Price, 60 centM 



DIES— METAL WORK 



PUNCHES, DIES AND TOOLS FOR MANUFAO- 
TURING IN PRESSES. By J. V. Woodworth. Ah 
encyclopedia of die-making, punch-making, die-sinking, sheet- 
metal working, and making of special tools, subpresses, dc 
vices and mechanical combinations for punching, cutting, 
bending, forming, piercing, drawing, compressing, and assem- 
bling sheet-metal parts and also articles of other materials 
in machine tools. This is a distinct work from the author's 
book entitled "Dies; Their Construction and Use." 500 
pages. 700 engravings. Second edition. Qoth. 

6 e Price, 94.00 



DIBS, THBIR CONSTRUCTION AND USB FOR 
THB MODBRN TV'ORKING OF SHBBT MBTAL.S. 

By J. V. WooDWORTH. A new book by a practical man, for 
those who wish to know the latest practice^ in the working 
of sheet metals. It shows how dies are designed, made and 
used, and those who are engaged in this line of work can 
secure many valuable suggestions. Fifth edition. 505 illus- 
trations, 384 pages. Cloth. Price, ^3.00 

DROP FORGING, DIB-SINKING AND MA- 
CHINB-FORMING OF STBBL. By J. V. Woodworth. 
The processes of die-sinking and force-making, which are 
thoroughly described and illustrated in this admirable work, 
are rarely to be^ found explained in such a clear and con- 
cise manner as is here set forth. The process of die-sink- 
ing relates to the engraving or sinking of the female or lower 
dies, such as are used for drop forg^ngs, hot and cold 
machine forging, swedging and the press working of metals. 
The process of force-making relates to the engraving of 
raising of the male or upper dies used in producing the lower 
dies for the press-formmg and machine-forging of duplicate 
parts of metal. The book contains eleven chapters, and the 
information contained in these chapters is just what will 
prove most valuable to the forged-metal worker. All opera- 
tions described in the work are thoroughly illustrated by 
means of perspective half-tones^ and outline sketches of the 
machinery employed. 300 detailed illustrations. 339 pages, 
cloth. Price, f 2.50 

DICTIONARIES 



STANDARD BLBCTRICAIi DICTIONARY. By 

T. 0*CoNOR Sloane. A practical handbook of reference con- 
taining definitions of about 5,000 distinct words, terms and 
phrases. The definitions are terse and concise and include 
every term used in electrical science. Recently issued. 
Twelfth Edition. 682 pages, 393 illustrations. Price, 93.00 

DRAWING — SKETCHING PAPER 

I^INEAR PERSPECTIVE SELF-TAUGHT. By 
Herman T. ^ C. Kraus. This work gives the theory and 
practice of linear perspective, as used in architectural, engi- 
neering and mechanical drawings. The arranp^ement of the 
book is good; the plate is on the left-hand, while the descrip- 
tive text follows on the opposite page, so as to be readily 
referred to. The drawings are on sufficiently lai'ge scale to 
show the work clearly and are plainly figured. The whole 
-work makes a very complete course on perspective drawing. 
Cloth. Price, 92.60 

^BliF-TAUGHT MECHANICAL. DRATVING 
ATVD ELEMENTARY MACHINE DESIGN. By F. 

L. Sylvester, M.E., Draftsman, ^ with additions by Erik 
Oberg", associate editor of "Machinery." A practical ele- 
mentary treatise on Mechanical Drawing and Machine De- 
sign, comprising the first principles of geometric and mechan- 
ical drawing, workshop mathematics, mechanics, strength of 
materials and the calculation and design of machine details, 
compiled for the use of practical mechanics and jroun^ 



A NEW SKBTCHINO PAPfiR. A new specially 
ruled paper to enable you to make sketches or drawings in 
isometric perspective without any figuring or fussing. It is 
being used for shop details as well as for assembly drawings, 
as it makes one sketch do the work of three, and no work- 
man can help seeing just what is wanted. Pads of 40 sheets, 
6x9 inches. Price, 25 cents 

9 X 12 inches. Price, 60 cents 

12 X 18 inches, Prfce, 9 1.00 

PRACTICAIi PERSPECTIVE. By Richards ana 
CoLViN. Shows just how to make all kincs of mechanical 
drawings in the only practical perspective isometric. Makes 
everything plain so that any mechanic^ can^ understand a 
sketch or drawing in this way. Saves time in the drawing 
room and mistakes in the shops. Contains practical exam- 
ples of various classes of work. Third edition. Limp 
cloth. Pricey 60 cents 



ELECTRICITY 



ARITHMETIC OP ELECTRICITY. By Prop. Te 
O'CoNOR Sloane. a practical treatise on electrical calcula- 
tions of all kinds reduced to a series of rules, all of the 
simplest forms, and inyolving only ordinary arithmetic; each 
rule illustrated by one or more practical problems with de- 
tailed solution of each one. This book is classed amon§ the 
most useful ^ works published on the science^ of electricity, 
covering as it does the mathematics of electricity in a man- 
ner that will attract the attention of those who are not 
familiar with algebraical formulas. 160 pages. Twenty-first 
edition. .Cloth. "Pricey fl.OO 

DYNAMO BUILDING POtt AMATEURS, OR 
HOW TO CONSTRUCT A FIFTY WATT DV- 
NAMO. By Arthur J. Weed. A practical treatise show- 
ing in detail the construction of a small dynamo or motor, 
the entire machine work of which can be done on a small 
foot lathe. Dimensioned working drawings are given for 
each piece of machine work, and each operation is clearly 
described. This machine, when used as a dynamo, has an 
output of fifty watts; when used as a motor it will drive a 
smalU drill press or lathe. It can be used to drive a sewing 
machine on any and all ordinary work. The book is illus- 
trated with more than sixty original engravings showing the 
actual construction of the different parts. 

Price, paper binding, 60 cents; Cloth, fl.OO 

ELECTRIC WIRING, DIAGRAMS AND 
SWITCHBOARDS. By Newton Harrison. This is the 
only complete work issued showing and telling you what you 
should know about direct and alternating current wiring. It 
is a ready reference. The work is free from advanced tech. 
nicalities and mathematics, arithmetic being used throughout 
It is in every respect a handy, well-written, instructive, com- 
prehensive volume on wiring for the wireman, foreman, con 
tractor* or electrician. 272 pages, 105 illustrations.' Cloth. 

Prica. f 1.50 



COMMUTATOR CONSTRUCTION. By Wm. Bax- 
ter, Jr. The business end of any dynamo or motor of the 
direct current type is the commutator. This book goes into 
the designing, building and maintenance of commutators, 
shews how t« locate troubles and bow to remedy them; 
everyone who fusses with dynamos needs this. Fourth edi- 
tira. Pricey 25 cent* 

STORAGB: batteries simplified. By Victor 
W. Pag6. Tells how to charge, care for and rebuild storage 
batteries, also outlines all the industrial uses. Tells how they 
run street cars, locomotives and factorj' trucks. The important 
functions they perform in submarine boats, isolated lighting 
plants, railway switch and signal systems, marine applications, 
etc. Tells how they are used for starting automobile motors 
and in ignition systems. Every practical use of the modern 
storagd battery is treated. Price, SLSO 

ELBCTRIC LIGHTING AND HCATING POCK- 
ET BOOK. By Sydney F. Walker. This book puts in 
convenient form useful information regarding the apparatus 
which is likely to be attached to the mains of an electrical 
company. Tables of units and equivalents are included and 
useful electrical laws and formulas are stated. 438 pages, 
300 engravings. Bound in leather. Pocket book form. 

Price, 93.00 

EliBCTRIC TOY MAKING, DYNAMO BUILD- 
ING, AND ELECTRIC MOTOR CONSTRUCTION. 

This work treats of the making at home of electrical toys, 
electrical apparatus, motors, dynamos and instruments in 
general, and is designed to bring within the reach of young 
and old the manu^cture of genuine and useful electrical 
appliances. 210 pages, cloth. Fully illustrated. Twentieth 
edition, enlarged. Price, 91.OO 

PRACTICAL ELECTRICITY. By Piop. T. 
O'CoNOR Sloane. This work of 768 pages was previously 
known as Sloane's Electricians' Hand Book, and is intended 
for the practical electrician who has to make things go. 
The entire field of electricity is covered within its pages. 
It contains no useless theory; evervthing is to the point. It 
teaches you just what you should know about electricity. It 
is the standard work published on the subject. Forty-one 
chapters, 610 engravings, 761 pages, handsomely bound in 
cloth. Third edition. Price, 92.60 

ELECTRICITY SIMPLIFIED. By Prop. T. 
O'CoNOR Sloane. The object of "Electricity Simplified" is 
to make the subject^ as plain as possible and to show what 
the modern conception of electricity is; to show how two 
plates of different metals immersed in acid can send a mes- 
sage around the globe; to explain how a bundle of copper 
wire rotated by a steam engine can be the agent in lighting 
our streets, to tell what the volt, ohm and ampere are, and 
what high and low tension mean; and to answer the ques- 
tions that perpetually arise in the mind in this age of elec- 
tricity. 17^ pages. Illustrated. Thirteenth edition. £lotii. 

Price, SLOO 
11 



•^ HOUSES "WIRING. By Thomas W. Poppe. Describing 
and illustrating up-to-date methods of installing electric light 
wiring. Intended for the electrician, helper and apprentice. 
Contains ^ just the information needed for successful wiring 
of a building. Fully illustrated with diagrams and plans. 
It solves all wiring problems and contains nothing that con- 
flicts with the rulings of the National Board of Fire Under- 
writers. It gives just the information essential to the suc- 
cessful wiring of a building. 125 pages, fully illustrated, 
flexible cloth. Price, 60 cents 

MANAGBMBNT OF DYNAMOS. By Lummis-Pat- 
ERSON. A handbook of theory and practice. This work is 
arranged in three parts. The first part covers the elementary 
theory of the dynamo. The second part, the construction 
and action of the different classes of dynamos in common 
use are described; while the third part relates to such 
matters as affect the practical management and working of 
dynamos and motors. FourtU edition. 292 pages, 117 illus- 
trations. Price, 91.50 

ELECTRICITY IN FACTORIES AND "WORK- 
SHOPS. Its cost and convenience. A handy book for 
power producers and power users. By Arthur P. Haslam. 
5^x8. Cloth, 312 pages, 70 illustrations. Price, 92.SO 

HOW TO BECOME A SUCCESSFUIi ELECTRI- 
CIAN. By Prof. T. 0*Conor Sloane. An interesting book 
from cover to cover. Telling in simplest language the surest 
and easiest way to become a successful electrician. The 
studies to be followed, methods of work, field of operation 
and the requirements of the successful electrician are pointed 
out and fully explained. 202 pages. Illustrated. Eighteenth 
revised edition. Cloth. Price, 9I.OO 

STANDARD ELECTRICAI. DICTIONARY. By 

Prop. T. O'Conor Sloane. A practical handbook of refer- 
ence containing definitions of^ about 5,000 distinct words, 
terms and phrases. The definitions are terse and concise and 
include every term used in electrical science. Twelfth edi- 
tion. 682 pages, 393 illustrations. Price, 93.00 

SWITCHBOARDS. By William Baxter, Jr. This 
book appeals to ever^ engineer and electrician who wants to 
know the practical side of things. ^ All sorts and conditions 
of dynamos, connections and circuits are shown by diagram 
and illustrate just how the switchboard should be connected. 
Includes direct and alternating current boards, also those 
for arc lighting, incandescent and power circuits. Special 
treatment on high voltage boards for power transmission. 
Second edition. 190 pages. Illustrated. Price, 91.50 

TEIiEPHONE CONSTRUCTION, INSTALLA- 
TION, WIRING, OPERATION AND MAINTE- 
NANCE. By W. H. Radcliffe and H. C. Cushing. This 
book gives the principles of construction and operation of 
both the Bell and Independent instruments; approved meth- 
ods of installing^ and wiring them; the means of protecting 
them from lighting and abnormal currents; their connection 
together for^ operation as series or bridging stations; and 
rules for their inspection and maintenance. Line wiring and 
the wiring and operation of special telephone systems are 
also treated. 224 pages, 132 illustrations. Second revised 
fedftion« >^ Priee, fl.OO 



SUEPLY BXPliAINED. By Alfred P. Morgan. ' This 
is undoubtedly one of the most complete and comprehen- 
sible treatises on the subject ever published, and a close 
study of its pages will enable one to master all the details 
of the wireless transmission of messages. The author has 
filled a long-felt want and has succeeded in furnishing a lucid, 
comprehensible explanation in simple language of the theory 
and practice of wireless telegraphy and telephony. 154 pages, 
156 engravings. Price, ffl.OO 

IVIRING A HOUSES. By Herbert Pratt. Shows a 
house already built; tells just how to start about wiring it; 
where to begin; what wire to use; how to run it accord- 
ing to insurance rules; in fact, just the information you 
need. Directions apply equally to a shop. Fourth edition. 

Prioe, 26 cents 

ENAMELING 



HGXI^EY'S T"WBNTIETH CB3NTURY RE2- 
CEIPT BOOK. Edited bj; Gardner D. Hiscox. A work 
of 10,000 practical receipts, including enameling receipts for 
hollow ware, for metals, for signs, for china and porcelain, 
for wood* etc. Thorough and practical. 1914 edition. 

\ Price, 93.00 

f^CTORY MANAGEMENT, ETC 

MODBRKT machine: SHOP CONSTRUCTION, 
EaUIPMBNT AND MANAGBMESNT. By O. E. 

Perrigo, M.E. A work designed for the practical and every- 
day use of the architect who designs, the manufacturers who 
build, the engineers who plan and equip, the superinten- 
dents who organize and direct, and for the information of 
every stockholder, director, officer, accountant, clerk, super- 
intendent, foreman and workman of the modern machine 
shop and manufacturing plant of Industrial America. 

Price, 96.00 

— FUEL 



COMBUSTION OP COALi AND THE PREVEN- 
TION OP SMOKE. By Wm. M. Barr. This book has 
been prepared with special reference to the generation of 
heat by the combustion of the common fuels found in the 
United States, and deals particularly with the conditions 
necessary to the^ economic and smokeless combustion of 
bituminous coals in stationary and locomotive steam boilers. 
The presentation of this important subject is systematic and 
progressive. The arrangement of the book is in a series of 
practical questions to which are appended accurate answers, 
which dAcribe in language, *ree from technicalities, the sev- 
eral processes involved in the furnace combustion of Amer- 
ican fuels; it clearly states the essential requisites for per- 
fect combustion, and points out the best methods for fur- 
nace construction for obtaining the greatest quantity of heat 
from any given quality of coal. Nearly 350 pages, fully 
illustrated. Fifth edition. Price, fl.OO 

SMOKE PREVENTION AND FUEL ECONOMY. 

By Booth and Kershaw. As the title indicates, this book 
of 197 pages and 75 illustrations deals with the problem of 
complete combustion, which it treats irom the chemical and 
mechanical standpoints, besides pointing out the economical 
Rnd humanitarian aspects of the question, Prtce, f 2.60 
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r GAS ESNGINES CONSTRUCTION, Or How to Build 

a Half-'Horse-power Gas Engine. By Parsell and Weed. 
A practical treatise describing the theory and principles ^ of 
the action of gas engines of various types, and the design 
and construction of a half-horse-power gas engine, with illus- 
trations of the work in actual progress, together with dimen- 
sioned working drawings giving clearly the sizes of the vari- 
ous details. 300 pages. Third edition. Cloth. Price, f 2.50 

CHBMISTRY OP GAS MANUFACTURE. By H. 

M. RoYLES. This book covers points likely to arise in the 
ordinary course of the duties of the engineer or manager of 
a gas works not large enough to necessitate the employment 
of a separate chemical staff. It treats of the testing of the 
raw materials employed in the manufacture of illuminating 
coal gas and of the gas produced. The ipreparation of 
standard solutions is given as well as the chemical and physi- 
cal examination of gas coal. S^ixS^i. Cloth, 328 pages, 82 
illustrations, 1 colored plate. Price, ^4. SO 

THB GASOLINE ENGINE ON THE FARBIt 
ITS OPERATION, REPAIR AND USES. By Xemo 
W. Putnam. A useful and practical treatise on the modern 
gasoline and kerosene engine, its construction, management, 
repair and the many uses to which it can be applied in 
present-day farm life. It considers all the various household, 
shop and field uses of this up-to-date motor and includes 
chapters on engine installation, power transmission and the 
best arrangement of the power plant in reference to the 
work. 554x7^ Cloth. 527 pages, 179 illustrations. 

-- ^ Price, f 2.00 

"^GASOlilNE ENGINES! THEIR OPERATION, 
USE AND CARE. By A. Hyatt Verrill. A comprehen- 
sive, simple and practical work, treating of gasoline engines 
for stationary, marine or vehicle use; their construction, de- 
sign, management, care, operation, repair, installation and 
troubles. A complete glossary of technical terms and an alpha- 
betically arranged table of troubles and svmptoms form a 
most valuable and unique feature of the book. 5^x7^. 
Cloth. 275 pages, 152 illustrations. Price, fl.SO 

GAS, GASOLINE AND OIL ENGINES. By Gard- 
ner D. Hiscox. Revised by Victor W. PagA. Just issued 
new, revised and enlarged edition. EVery user of a gas 
engine n^eds this book.' Simple, instructive and right up- 
to-date. The only complete work on the subject. Tells all 
about internal combustion engineering, treating exhaustively 
on the design, construction and practical application of all 
forms of gas, gasoline, kerosene and crude petroleum-oil en- 
gines. ^ Describes minutely all auxiliary systems, such as 
lubrication, carburetion and ignition. Considers the theory 
and management of all forms of explosive motors for sta- 
tionary and marine work, automobiles, aeroplanes and motor- 
cycles. Incltides also Producer Gas and Its Production. 
Invaluable instructions for all students, gas-engine owners, 
gas-engineers, patent experts, designers, mechanics, dicafts- 
men and &n having to do with the modern power. Illustrated 
by over JiiO ^ngravin^s, many specially made from cnginecr- 
,xng drawings, ^11 in 6orrect proportion. 650 pages, 435 en- 
gravings.^*^ ^ - Price, net, fS.SQ 
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GA.S PLANTS. By R. E. Mathot. M.E. A practical 
treatise of 320 pages, fully illustrated by 175 detailed illus- 
trationSy setting forth the principles of gas engines and pro- 
ducer design, the selection and installation of an engine, 
conditions of perfect operation, producer-gas engines and 
their possibilities, the care of gas engines and producer-ga& 
plants, -with a cnapter on volatile hydrocarbon and oil en- 
gines. This book has been endorsed by Dug^al Clerk as a 
most useful work for all interested in gas engine installation 
and producer gas. Price, ^2.50 

nOlV TO RUN AND INSTALL GASOLINES 

ESJffGINES. By C. Von Culin. New revised and enlarged 
edition just issued. The object of this little book is to fur- 
nish a pocket instructor for the beginner, the busy man who 
uses an engine for pleasure or profit, but who does not 
have the time or inclination for a technical book, but sim- 
ply to thoroughly understand how to properly operate, install 
and care for his own engine. The index refers to each 
trouble, remedy and subject alphabetically. Being a quick 
reference to find the cause, remedy and prevention for 
troubles, and to become an expert with his own engine. 
Pocket size. Paper binding. Price, 26 cents 

MODBRN GAS TRACTOR, ITS CONSTRUC- 
TION, UTILITY, OPERATION AND REPAIR. 

By Virroa W. PACfi. Treats exhaustively on the design and 
construction of farm tractors and tractor power-plants, and 
gives complete instructions on their care, operation and re- 
pair. All types and sizes of gasoline, kerosene and oil 
tractory are described, and every phase of traction engineer- 
ing practice fully covered. Invaluable to all desiring re- 
usable information on gas motor propelled traction engines 
and their use. 5J4 x7}^. Qoth. 475 pages, 204 illustrations, 
3 folding plates. Price, f 2.00 



GEARING AND CAMS 



BETEL GEAR TABLES. By D. Ao. Engstroic. 
No one who has to do with bevel gears in any way should 
be without this book. The designer and draftsman will find 
it a grreat convenience, while to the^ machinist who turns up 
the blanks or cuts the teeth, it is invaluable, as all needed 
dimensions are given and no fancy figuring need be done. 
Third edition. Cloth. Price, f 1.00 

CHANGE GEAR DEVICES. By Oscar E. Perrxgo. 
A book for every designer, draftsman and mechanic who is 
interested in feed changes for any kind of machines. This 
shows what has been done and now. Gives plans, patents 
and all information that you need. Saves hunting through 
patent records and reinventing old ideas. A standard work 
of reference. Qoth. Price, fl.OO 

DRAFTING OP CAMS. By Louis Rouillion. The 
laying out of cams is a serious problem unless you know how 
to go at it right. This puts you on the right read for prac- 
tically any kind of cam you are likely to run tip against. 
Third edition. Price, 25 cents 
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HYDRAUIilC ESNGINBERING. By Gasdnes 0, 
Hxscox. A treatise on the properties, power, and resourcef 
of water for all purposes. Including the measurement of 
streams; the flow of water in pipes or conduits; the horse- 
power of falling water; turbine and impact water-wheels; 
wave-motors, centrifugal, reciprocating and air-lift pumps. 
With 300 figures and diagrams and 36 practical tables. 320 
pages. Price, f 4.00 

ICE AND REFRIGERATION 



POCKE3TBOOK OF RBFRIGBRATIOX A.Jm 
ICE MAKING. By A. J. Waulis-Taylor. This is one of 
the latest and most comprehensive reference books published 
on the subject of refrig[eration and cold storage. It explains 
the properties and refrigerating effect of the different fluids 
in use, the management of refrigerating machinery and the 
construction and insulation of cold rooms with their required 
pipe surface for different degrees of cold; freezing mixtures 
and non-freezinp^ brines, temperatures of cold rooms for all 
kinds of provisions, cold storage charges for all classes of 
goods, ice making and storage of ice, data and memoranda 
for constant reference by refrigerating engineers, with nearly 
one hundred tables containing valuable references to every 
fact and condition required in the installment and operation 
of a refrigerating plant, ffew edition just published. 

Price, 91.60 

INVENTIONS— PATENTS 



INVENTOR'S MANUAL, HOTIT TO MAKE A 
PATENT PAY. This is a book designed as a guide to 
inventors in perfecting their inventions, taking out their 
patents, and disposing of them. It is not in any sense a 
Patent Solicitor's circular nor a Patent Broker's advertise- 
ment. No advertisements of any description appear in the 
work. It is a book containing a quarter of a century's ex- 
perience of a successful inventor, together with notes based 
upon the experience of many other inventors. Revised edi- 
tion. 120 pages. Cloth. Price, fl.OO 

KNOTS 



KNOTS, SPLICES AND ROPE WORK. By A. 

Hyatt Verrill. This is a practical book giving complete 
and simple directions for making all the most useful and orna- 
mental knots in common use, with chapters on Splicing, 
Pointing, Seizing, Serving, etc. This book is fully illus- 
trated with one hundred and fifty original engravings, which 
shows how each knot, tie or splice is formed, and its appear- 
ance when finished. The book will be found of the greatest 
value to eampers, yachtsmen, travelers or Boy Scouts, in 
fact, to anyone having occasion to use or handle rope or 
kMote for an.y ]purpose. The book is thoroughly reliable and 
practical, and ts not only a guiAe but a teacher. It is the 
sftandard work on the subject. 118 pageg, 150 original en> 
^rravings. Prioe, 75 cents 
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I.ATHB WORK 



TURNING AND BORING TAPERS. By Fred H. 
CoLViK. There are two ways to turn tapers; the right way 
and one other. This treatise has to do with the right way; 
it tells you how to start the work properly, how to set the 
lathe, wnat tools to use and how to use them, and forty and 
one other little things that you should' follow. Fourth edi- 
tion. Prlce» 26 centa 

liATHB DESIGN, CONSTRUCTION, AND 
OPERATION, WITH PRACTICAL. EXAMPLES 
OP liATHE l¥ORK. By Oscar E. Perrigo. A New revised 
edition, and the only complete American work on the subject, 
written by a man who knows not only how work ought to be 
done, but who also knows how to do it, and how to convey 
this knowledge to others. It is strictly up-to-date in its de- 
scriptions and illustrations. Lathe history and the relations 
of tne lathe to manufacturing are given; also a description of 
the various devices for feeds and thread cutting mechanisms 
from early efforts in this direction to the present time. Lathe 
design is thoroughly discussed, including back gearing, driving 
cones, thread-cutting gears, and all the essential element of the 
modern lathe. The classification of lathes is taken up, giving 
the essential differences of the several types of lathes including, 
as is usually understood, engine lathes, bench lathes, speed 
lathes, for^e lathes, gap lathes, pulley lathes, forming lathes, 
multiple-spmdle lathes, rapid-reduction lathes^ precision lathes, 
turret lathes, special lathes, electrically-dnven lathes, etc. 
In: addition to the complete exposition on construction and 
design^ much practical matter on lathe installation, care and 
operation has been incorporated in the enlarged 1915 edi- 
tion. All kinds of lathe attachments for drilling, milling, 
etc.. are described and complete instructions are given to 
enanle the novice machinist to grasp the art of lathe oper- 
ation as well as the principles involved in design. A number 
of difficult machining operations are described at length and 
illustrated. The new edition has nearly 500 pa^es and 350 
illustrations. Price, 92.60 

PRACTICAL METAIi TURNING. By Joseph G. 
Horner. A work of 404 pages, fully illustrated, covering in 
a comprehensive manner the modern practice of machining 
metal parts in the lathe, including the regular engine lathe, 
its essential design, its uses, its tools, its attachments, and 
the manner of holding the work and performing the opera- 
tions. The modernized engine lathe, its methods, tools and 
great range of accurate work. The turret lathe, its tools, 
accessories and methods of performing its functions. Chap- 
ters on special work, grinding, tool nolders, speeds, feeds, 
modern tool steels, etc.» etc. Second edition, Prlce^ 93*GO 



LIQUID AIR 

lil^UID AIR AND THE LIQUEFACTION OF 
GASES. By T, O'Conor Sloane. Theory, history, biog- 
raphy, practical applications, manufacture. Second edition. 
-W pages. Illustrated. Price, f 2.00 



AIR-BRAKB CATECHISM. By Robert H. Black- 
all, This book is a standard text book. It is the only 
practical and complete work published. Treats on the equip- 
ment manufactured by the Westingfaouse Air Brake Com- 
pany, including the E-T Locomotive Brake Equipment, the 
K (Quick-Service) Triple Valve for freight service; the L 
High Speed Triple Valve; the P-C Passenger Brake Equip- 
ment, and the Cross Compound Pump. The operation of all 
parts of the apparatus is explained in detail and a practical 
way of locating their peculiarities and remedying their de- 
fects is given. Endorsed and used by air-brake instructors 
and examiners on nearly every railroad in the United States. 
Twenty-sixth edition. 411 pages, fully illustrated with fold- 
ing plates and diagrams. New edition. Prlce^ f 2.00 

AMBRICAX COMPOUND liOCOMOTIVBS. By 

Fred H. Colvin. The most complete book on compounds 
published. Shows all t3rpes, including the balanced compound. 
Makes everjrthing clear by many illustrations, and shows 
yalve setting, breakdowns and repairs. 142 pages. Cloth. 

Price f f l.OO 

APPIilCATIOHr OF HIGHIiY SUPBRHSSATESD 
STEAM TO liOCOMOTIVESS. By Robert Gasbe. A 
practical book which cannot be recommended too Highly to 
those motive-power men who are anxious to maintain the 
highest efficiency in their locomotives. Contains special chap- 
ters on Generation of 'Highly Superheated Steam; Super- 
heated Steam and the Two-Cylinder Simple Engine; Com- 
pounding and Superheating: Designs of Locomotive Super- 
heaters; Constructive Details of JLocomotives Using Highly 
Superheated Steam. Experimental and Working Results. 
Illustrated with folding plates and tables. Cloth. 

Price, 92. SO 

COMBUSTION OF COAIi AXD THB PROVBIT- 
TION OF SMOKES. By Wic. M. Bass. To be a success a 
fireman must be ''Light on Coal." He must keep his fire 
in good condition, and prevent, as far as possible, the smoke 
nuisance. To do this, he should know how coal burns, how 
smoke is formed and the proper burning of fuel to obtain 
the best results. He can learn this, and more too, from 
Barr's ''Combination of Coal." It is an absolute authority 
on all questions relat^ag to the firing of a locomotive. Fifth 
edition. Nearly 350 pages, fully illustrated. Price, f l.OO 

DIARY OF A ROUND-HOUSB FORBMAX. B^ 

T. S. Reilly. This is the greatest book of railroad experi- 
ences ever published. Containing a fund of information and 
suggestions along the line of handling men, organizing, etc., 
that one cannot afford to miss. 176 pages. Prloei l^l*00 

LINK MOTIONS, VALVES AND VALVSS SBT- 
TING. By Fred H. Colvin, Associate Editor of "American 
Machinist." A handy book that clears up the mysteries of 
valve setting. Shows the different valve gears in use, how 
they work, and why. Piston and slide valves of different 
types are illustrated and explained. A book that every rail- 
road man in the motive-power department ought to have. 
FuU^ illustrated. New revised and enlarged edition just 
published. Price, 60 ceata 
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TRAIN RULB EXAMINATIONS MADB BAST. 

Hj G. £. Colli NGWOOD. V. This is the only practical work on 
train rules in print. Every detail is coveredj and puzzling 
points are explained !n simple, comprehensive language, mak- 
ing it a practical treatise for the train dispatcher, engine- 
man, trainman and all others who have to do with the move- 
ments of trains. Contains complete and reliable information 
of tiie Standard Code of Train Rules for single track. Shows 
signals in colors, as used on the different roads. Explains 
fully the practical application of -:rair. orders, giving a clear 
and definite understanding of all orders whicn may be used. 
256 pages. Fully illustrated with train signals in colors. 

Price, f l.?5 

I^OCOMOTIVB BOIIiBR CONSTRUCTION. By 

Frank A. KLSiNHANaL The only book showing how locomo- 
tive boilers are built in modern shops. ^ Shows all types of 
boilers used; gives details of construction; practical facts, 
such as life of riveting punches and dies, work done per 
day, allowance for bending and flanging sheets and other 
data that meaAs dollars to any railroad man. Second edition. 
451 pages, 334 illustrations. Six folding plates. Cloth. 

Price, 93.00 

I.OCOMOTIV1! BRSSAKDOIVNS AND THBIR 
RBMBDIBS. By Geo. L. Fowlek. Revised by Wm. W. 
Wood, Air-Brake instructor. Just issued. Revised pocket 
edition. It is out of the queston to try and tell you about 
every subject that is covered in this pocket edition of Loco- 
motive Breakdowns. Just imagine all the common troubles 
that an eng^ineer may expect to happen some time, and then 
add all of the unexpected ones, troubles that could occur, 
but that you had never thought about, and you will find 
that they are all treated with the very best methods of re- 
pair. Walschaert Locomotive Valve Gear Troubles, Electric 
Headlight Troubles, as well as Questions and Answers on the 
Air Brake are all included. Eighth edition. 294 pages. 
Fully illustrated. Price, fl.OO 

liOCOMOTIVB CATESCHISM. By Robert Grim- 
SHAW. Twenty-eighth revised and enlarged edition. This 
may well be callea an encyclopedia of the locomotive. Con- 
tains over 4,000 examination questions with their answers, 
including among them those a^ed at the first, second and 
third years' examinations. 825 pages, 437 illustrations and 
3 folding plates. Price, 92.6O 

-WBSTINGHOUSB KT AIR-BRAKB INSTRUC 
TION POCKE2T BOOK CATBCHISM. By Wm. W. 

Wood, Air-Brake Instructor. A practical work containing 
examination questions and answers, on the E. T. Equipment. 
Covering what the E. T. Brake is. Howl it should be oper- 
ated. What to do when defective. Not a question can be 
asked of the engineman up for promotion on either the No. 
5 or the No. 6 E T equipment that is not asked and answered 
in the book. If you want to thoroughly understand the 
E T equipment get a copy of this book. It covers every de- 
tail. Makes air-brake troubles and examinations easy. Fully 
illustrated with colored plates, showing various presmrea. 
Q^Ol Price, f^l.llV 



PRACTICAIi INSTRUCTOR AND RBFBRBNCS 

BOOK FOB locomotive: firbmbn and BN- 

GINBBRS. By Chas. F. Lockhart. An entirel new- 
book on the locomotive. It appeals to every railroad man, 
as it tells him how things are done and the right way to do 
them. Written by a man who has had years of practical 
experience in locomotive shops 'and on the road firing and 
running. The information given in this book cannot be 
found in any other similar treatise. Eight hundred and 
fifty-one questions with their answers are included, whicfa 
'^111 prove specially helpful to those preparing for exam* 
ina^on. 368 pages, 88 illustrations. Cloth. Price, f 1.60 

PREVENTION OF RAILROAD ACCIDENTS, 
OR SAFETY IN RAILROADING. By George Bud- 
SHAW. This book is a heart-to-heart talk with railroad em- 
ployees, dealing with facts, not theories, and showin^r the 
men in the ranks, from every-day experience, how accidents 
occur and how they mav be avoided. The book is illustrated 
with seventy original photographs and drawings showing the 
safe and unsafe methods of work. No visionary schemes, no 
ideal pictures. Just plain facts and practical suggestions are 
given. Every railroad employee who reads the book is a 
better and safer man to have in railroad service. It gives 
just the information which will be the means of preventing 
many injuries and deaths. All railroad employees should 
procure a copy; read it, and do their part in preventing 
accidents. 169 pages. Pocket size. Fully illustrated. 

Price, 60 cents 

WAIiSCHAERT LOCOMOTIVE VALVE GEAR. 

By Wm. W. Wood. If you would thoroughly understand the 
Walschaert Valve Gear, you should possess a copjr of this 
book. The author divides the subject into four divisions, as 
follows: I. Analysis of the gear. II. Designing and erecting 
of the gear. III. Advantages of the gear. iV. Questions 
and answers relating to the Walschaert Valve Gear. This 
book is specially valuable to those preparing for promotion. 
Third edition. 245 pages. Fully illustrated. Cloth. 

Price, 91 .SO 



MACHINE SHOP PRACTICE 



MACHINE .SHOP ARITHMETIC. By CoLViw- 

Cheney. Most popular book for shop men. Shows how all 
shop problems are worked out and "why."' Includes change 
gears for cutting any threads; drills, taps, shink and force 
fits; metric system of measurements and threads. Used by 
all classes of mechanics and for instruction in Y. M. C. A. 
and other schools. Sixth edition. 131 pages. 

Price, 60 eents 

TOOLS FOR MACHINISTS AND ViTOOiD 
^ITORKERS, INCLUDING INSTRUMESTTS OF 
MEASUREMENT. By Joseph G. Horner. The prin- 
ciples upon which cutting tools for wood, metal, and other 
substances are made are identical, whether used by the ma- 
chinist, the carpenter, or by any other skilled mechanic in 
their daily twork, ana the object of this book is to give a 
correct and practical description of these tools as they are 
commonly designed, constxtucted, and used. 340 pages, fully 
iUustrated, Price, #S.60 



AMERICAN TOOIi MAKING AND INTER- 
CHiA:S GTElABIjm MANUFACTURING. By J. V. 

WooDWORTH. In its 500-odd pages the one subject only. 
Tool Making, and whatever relates thereto, is dealt with. 
The work stands without a rival. It is a complete practical 
treatise on the art of American Tool Making and system of 
interchangeable manufacturing as carried on to-day in the 
United States. In it are described and illustrated all of the 
different types and classes of small tools, fixtures, devices 
and special appliances which are in general use in all 
machine-manufacturing and metal-working establishments 
where economy, capacity and interchangeability in the pro- 
duction of machined metal parts are imperative. The science 
of jig making is exhaustively discussed, and particular atten- 
tion is paid to drill jigs, boring, profiling and milling fixtures 
and other devices in which the parts to be machined are 
located and fastened within the contrivances. All of the 
tools, fixtures and devices illustrated and described have 
been or are used for the actual production of work, such 
as parts of drill presses, lathes, patented machinery, type- 
writers, electrical apparatus, mechanical appliances, brass 
goods, composition parts, mould products, sheet metal arti- 
cles, drop forgings, jewelry, watches, medals, coins, etc. 
Second edition. 531 pages. Price, 94.00 

HBNIiESY'S EJNCYCIiOPEDIA OF PRACTICAI4 
ENGINEERING AND ALLIED TRADES. Edited 
t)y Joseph G. Horner, A.M.I.Mech.E. This book covers the 
entire practice of Civil and Mechanical Engineering. The 
best known experts in all branches of engineering have con- 
tributed to these volumes. The Cyclopedia is admirably well 
adapted to the needs of the beginner and the self-taught 
practical man, as well as the mechanical engineer, designer, 
draftsman, shop superintendent, foreman and machinist. 

It is a modern treatise in five volumes. Handsomely 
bound in half morocco, each volume containing nearly 500 
pages, with thousands of illustrations, including diagram- 
matic and sectional drawings with full explanatory details. 
Price, for the complete set of five volumes, ^25.00 

MODERN MACHINE SHOP CONSTRUCTION, 
EQUIPMENT AND MANAGEMENT. By Oscar E. 
Perrigo. The only work published that describes the Modern 
Machine Shop or Manunicturing Plant from the time the 
grass is growing on the site intended for it until the finished 
product is shipped. Just the book needed by those contem- 
plating the erection of modern shop buildings, the rebuilding 
and reorganization of old ones, or the introduction of Modern 
Shop Methods, Time and Cost Systems. It is a book written 
and illustrated by a practical shop man for practical shop men 
who are too busy to read theories and want facts. It is the 
most complete all-around book of its kind ever published. 
400 large quarto pages, 225 original and specially-made illus- 
trations. Price, f 6.00 

"SHOP KINKS. >> By Robert Grimshaw. This shows 
special methods of doing work of various kinds, and releas- 
ing cost of production. Has hints and kinks from some of 
the largest shops in this country and Europe. You are almost 
sure to find some that apply to your work, and in such a 
way as to save time and trouble. 400 pages. Fifti»^ edi- 
tion. Cloth. IPrtce, 92.60 



THE WHOIE riEU> OF MECgANICAL MOTO* 

MEWTS COVERED BY MR. HlSCOX*8 

TWO BOOKS 

We publish two books by Gardner D. Hiscoz that will 
keep you from "inyenting" things that have been done be- 
fore, and suggest ways of doing things that you have not 
thought of before. Many a man spends time and money, 
pondering over some mechanical problem, only to learn, after 
he has solved the problem, that the same thing has been 
accomplished and put in practice by others long before. Time 
and money spent in an effort to accomplish what has al- 
ready been accomplished are time and money lost. The 
whole field of mechanics, every known mechanical movement, 
and practically every device is covered by these two books. 
If the thing you want has been invented, it is illustrated in 
them. If it hasn'1} been invented, then you'll find in them 
the ^ nearest things to what you want, some movement or 
device that will apply in your case, perhaps; or which will 
give you a key from which to work. No book or set of 
books ever published is of more real value to the inventor, 
draftsman or practical mechanic than the two volumes de* 
scribed below. 

MECHANICAL MOVEMENTS, POWBRS AICO 
DBVICESS. By Gardner D. Hrscox. This is a collection 
of 1,890 engravings of different mechanical motions and appli- 
ances, accompanied by appropriate text, making it a book of 
great value to the inventor, the draftsman, and to all read- 
ers with mechanical tastes. The book is divided into eighteen 
sections or chapters, in which the subject-matter is classified 
under the following heads: Mechanical Powers; Transmis- 
sion of Power; Measurement of Power; Steam Power; Air 
Power Appliances; Electric Power and Construction; Navi- 

{[ation and Roads; Gearing; Motion and Devices; Control- 
ing Motion; Horological; Mining; Mill and Factory Appli- 
ances; Construction and Devices; Drafting Devices; Miscel- 
laneous Devices, etc. Fourteenth edition. 40Q octavo pages. 

Price, «3,00 

MBCHANICAIi AFFIilANCBS^ MESeHAHTICAIi 
MOVEMENTS AND NOVELTIES OF CON- 
STRUCTION. By Gardner D. Hiscox. This is a sup- 
?lementary volume to the one upon mechanical movements. 
Jnlike the first volume, which is more clementarjr in char- 
acter, this volume contains illustrations and descriptions of 
many combinations of motions and of mechanical devices 
and appliances found in different lines of machinery, each 
device being shown by a line drawing with a description 
showing its working parts and the method of operation. 
From the multitude^ of devices described and illustrated 
might be mentioned, in passing, such items as conveyors and 
elevators, Prony brakes, thermometers, various types of boil- 
ers, solar engines, oil-iuel burners, condensers, evaporators, 
Corliss and other valve gears, governors, gas engines, water 
motors of various descriptions, air ships, motors and dynamos, 
automobile and motor bicycles, railway lock signals, oar coup- 
lers, link and gear motions, ball bearings, breech blodc 
mechanism for heavy guns, and a large accumulation of 

Jthers of equal importance. 1,000 specially m^de engravings. 
96 octavo naflres. Third revised edition. PrIcA. Skic.nA 



TlCfi. B>; W. H. Vandehvoort. A work of 555 pages and 
673 illustrations, describing in every detail the construction, 
operation, and manipulation of both hand and machine tools. 
Includes chapters on filing, fitting, and scraping surfaces; on 
drills, reamers, taps, and dies; the lathe and its tools; planers, 
shapers, and their tools; milling machines and cutters; gear 
cutters and gear cutting; drilling machines and drill work; 
grinding machines and their work; hardening and tempering; 
gearing, belting, and transmission machinery; useful data and 
tables. Sixth edition. Cloth. Price, 93. OO 

mODERN MILLING MAGHINBSt THE3IR DE- 
SIGXy CONSTRUCTION AND OPE2RATION. By 

Joseph G. Horner. This book describes and illustrates the 
Milling Machine and its work in such a plain, clear, and 
forceful manner, and illustrates the subject so clearly and 
completely, that the up-to-date machinist, student, or me* 
chanical engineer cannot afford to do without the valuable 
information which it contains. It describes not only the 
early machines of this class, but notes their gradual develop- 
ment into the splendid machines of the present day, giving 
the design and construction of the various types, forms, and 
special features produced by prominent manufacturers, Ameri- 
can and foreign. 304 pages, 300 illustrations. Cloth 

Price, 94.00 

THE MODERN MACHINIST. By John T. Usher. 
This book might be called a compendium of shop methods, 
showing a variety of special tools and appliances which will 
give new ideas to many mechanics from the superintendent 
down to the man at the bench. It will be found a valuable 
addition to any machinist's library and should be consulted 
whenever a new or difficult job is to be done, whether it is 
boring, milling, turning, or planing, as they are all treated 
in a practical manner. Fifth edition. 32D pages, 250 illus- 
trations. Glftth. Price, 92.60 

THREADS AND THREAD CUTTING. By Colvin 
and Stabel. This clears up many of the mysteries of thread- 
cutting, such as double and triple threads, internal threads, 
catching threads, use of h9bs, etc. Contains a lot of useful 
hints and several taWes. Thir4 edition. Price, 26 centm 



MARINE ENGINEERING 



THE NAVAL ARCHITECT'S AND SHIP- 
BUILDER'S POCKET-BOOK of Formulae, Rules, and 
Tables and Marine Elngineer's and Surveyor's Handy Book 
of Reference. By Clement Mackrow and Lloyd Woollard. 
The eleventh revised and enlarged edition of this most com- 
prehensive work has just been issued. It is absolutely in- 
dispensable to all engaged in the Shipbuilding Industry, as it 
condenses into a compact form all data and formulae that 
are ordinarily required. The book is completely up to date, 
including among other subjects a section on Aeronautics. 
750 pages, limp leather binding. Pric«, ^6.00 net 
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marine: bnginbs axd voilbrs, their 

DESIGN AND CONSTRUCTION. By Dr. G. Bauer, 
Leslie S. Robertson and S. Bryan Don kin. ^ In the words 
of Dr. Bauer, the present -work owes its origin to an oft 
felt want of a condensed treatise embodying the theoretical 
and practical riiles used in designing marine engines and 
boilers. The need of such a work has been felt by most 
engineers engaged in the construction and working of marine 
engines, not only by the younger men, but also by those of 
greater experience. The fact that the original German work 
was written by the chief engineer of the famous Vulcan 
Works, Stettin, is in itself a guarantee that this book is in 
all respects thoroug[hly up-to-date, and that it embodies all 
the information which is necessary for the design and con- 
struction of the highest types of marine engines and boilers. 
It may be said that the motive power which Dr. Bauer has 
placed in the fast German liners that have been turned out 
of late years from 'the Stettin Works represent the very best 
practice in marine engineering of the present da^. The work 
is clearly written, thoroughly systematiCj theoretically sound; 
while the character of the plans, drawings, tables, and sta- 
tistics is without reproach. The illustrations are careful re- 
productions from actual working drawings, with some well- 
executed photographic views of completed engines and boilers. 
744 pages, 550 illustrations and numerous tables. Cloth. 

Price, f 9.00 net 

MANUAL TRAINING 



ECONOMICS OF MANUAL TRAINING. By 

Louis RouiLLiON. The only book that gives just the infor- 
mation needed by all interested in manual training, regarding 
buildings, equipment and supplies. Shows exactly what is 
needed for all grades of the work from the Kindergarten to 
the High and Normal School. Gives itemized lists of every- 
thing needed and tells just what it ought to cost. Also shows 
where to buy supplies. Illustrated. Second edition. Cloth. 

Pricey 91.50 

MINING 



ORE DEPOSITS. "WITH A CHAPTER ON 
HINTS TO PROSPECTORS. By J. P. Johnson. This 
book gives a condensed account of the ore deposits at present 
known in South Africa. It is also intendea as a guide to 
the prospector. Only an elementary knowledge of geology and 
some mining experience are necessary in order to understand 
this work. With these qualifications, it will materially assist 
one in his search for metalliferous mineral occurrences and, 
so far as simple ores are concerned, should enable one to 
form some idea of the possibilities of any thev may find. 
Illustrated. Cloth. Price, ^2.00 

PRACTICAL COAL MINING. By T. H. CocKiw. 
An important work, containing 428 pages and 213 illustra- 
tions, complete with practical details, which will intuitively 
impart to the reader, not only a general knowledge of the 
principles of coal mining, but also considerable insight into 
allied subjects. The treatise is positively up to date in every 
instance, and should be in the hands of every colliery engi- 
neer, geologist, mine operator, superintendent, foreman, and 
all others who are interested in or connected with the indus- 
try. Third edition. Cloth. ¥»i.f«»«»- •« k^ 



PHYSICS AND CHEMISTRY OP MINING. By 

T. H. Byrom. a practical work for the use of all preparing 
for examinations in mining or qualifying for colliery man- 
agers* certificates. The aim of the author in this excellent 
book is to place clearly before the reader useful and authori- 
tative data which will render him valuable assistance in his 
studies. The only work of its kind published. The infor- 
mation incorporated in it will prove ot the greatest practical 
utility to students, mining engineers, colliery managers, and 
all others who ^ are specially interested in the present-day 
treatment of mining problems. 160 pages, illustrated. 

Price, 92.00 



PATTERN MAKING 



PRACTICAL PATTERN MAKING. By F. .W. 

Barrows. This book, now in its second edition, is a com- 
prehensive and entirely practical treatise on the subject of 
pattern making, illustrating pattern work in both wood and 
metal, and with definite instructions on the use of plaster 
of paris in the trade. It gives specific and detailed descrip- 
tions of the materials used bv pattern makers and describes 
the tools; both those for the bench and the more interesting 
machine tools; having complete chapters on the lathe, the 
circular saw and the l)and saw. It gives many examples of 
pattern work, each one fully illustrated and explained with 
much detail. These examples, in their great variety, offer 
much that will be found of interest to all pattern makers, 
and especially to the younger ones, who are seeking informa- 
tion on the more advanced branches of their trade. Con- 
taining nearly 350 pages and 170 illustrations. Second edi- 
tion, revised and emarged. Price, $2.00 



PERFUMERY 



HENIiEY'S TTITENTIETH CENTURY BOOK OP 
RECEIPTS, FORMULAS AND PROCESSES. Edited 
by G. D. Hiscox. The most valuable techno-chemical receipt 
book i>ublished. Contains over 10,000 practical receipts, many 
of wmch will prove of special value to the perfumer. IpS.OO 

PERFUMES AND COSMETICS, THEIR PREP- 
ARATION AND MANUFACTURE. By G. W. 

AsKiNSON, Perfumer. A comprehensive treatise, in which 
there has been nothing omitted that could be of value to 
the perfumer or manufacturer of toilet preparations. Com- 
plete directions for making handkerchief perfumes, smelling- 
salts, sachets, fumigating pastilles; preparations for the care 
of the skin, the mouth, the hair, cosmetics, hair dyes and 
other toilet articles are given, also a detailed description of 
aromatic substances; their nature, tests of purity, and whole- 
sale manufacture, including a chapter on synthetic products, 
with formulas for their use. A book of general, as well as 
professional interest, meeting the wants not only of the drug- 

fist and perfume manufacturer, but also of the general public, 
'ourth edition much enlarged and brought up-to-date. Nearly 
4nn pages, illustrated. Price, f 6.00 



PLUMBING 

STANDARD PRACTICAIi PLUMBING. By R. 

M. Starbuck. This is a complete treatise and covers the 
subject of modern plumbing in all its branches. It treats ex- 
haustively on the SKilled -work of the plumber and the theory 
underlying plumbing devices and operations, and commends 
itself at once to everyone working in any branch of the 
plumbing trade. A large amount of space is devoted to a 
very complete and practical treatment of the subjects of hot 
water supply, circulation and range boiler work. Another 
valuable feature is the special chapter on drawing for 
plumbers. The illustrations, of which tfiere are three hun- 
dred and forty-seven, one hundred being full-page plates, 
were drawn expressly for this book and show the most 
modern and best American practice in plumbing construction. 
65^x9^. Cloth, 406 pages, 347 illustrations. Price, f 8.00 

MECHANICAL DRAWING FOR PLUMBERS. 

By R. M. Starbuck. A concise, comprehensive and practical 
treatise on the subject of mechanical drawing in its various 
modern applications to the work of all who are in any way 
connected with the plumbing trade. Nothing will so help 
the plumber in estimating and in explaining work to cus- 
tomers and workmen as a knowledge of drawing, and to the 
workman it is of inestimable value if he is to rise above his 
position to positions of greater responsibilitv. 150 illus- 
trations. Price, 91.60 

MODERN PLUMBING ILLUSTRATED. Bv R. 

M. Starbuck. The author of this book, Mr. R. M. Starbuck, 
is one of the leading authorities on plumbing in the United 
States. The book represents the highest standard of plumbing 
work. A very comprehensive work, illustrating and describ- 
ing the drainage and ventilation of dwellings, apartments and 
ptiblic buildings. The very latest and most approved methods 
m all branches of sanitary installation are given. The stand- 
ard book for master plumbers, architects, builders, plumbing 
inspectors, boards of health, boards of plumbing examiners 
and for the property owner, as well as the workman and 
apprentice. It contains fifty-five entirely new and large full 
pages of illustrations with descriptive text, all of which have 
been made specially for this work. These plates show all 
kinds of modern plumbing work. Each plate is accompanied 
by several pages of text, giving notes and practical sugges' 
tions, sizes of pipe, proper measurements for setting up work, 
etc. Suggestions on estimating plumbing construction are 
also included. 400 octavo pages, fully illustrated by 55 
full-page engravings. Price, ^4.00 

RECIPE BOOK 



HENLEY'S T"WENTIBTH CENTURY BOOK 
OF RECIPES, FORMULAS AND PROCESSES. 

Edited by Gardner D. Hiscox. The most valuable techno- 
chemical formulse book published, including over 10.000 se- 
lected scientific, chemical, technologickl and; practical recipes 
and processes. This book of 800 pages is the most complete 
book of recipes ever published, giving thousands of recipes 
for the manufacture of valuable articles for everyday use. 
Hints, helps, practical ideas and secret processes are revealed 
within its pages. It covers every l^ranch of the ssefol mrU 



and tells thousands of ways of making money and is just the 
book everyone should have at his command. The pages are 
filled with matters of intense interest and immeasurable prac- 
tical value to the photographer, the perfumer, the painter, 
the manufacturer of glues, pastes, cements and mucilages, 
the physician, the druggist, the electrician, the brewer, the 
en^neer, the foundryman, the machinist, the potter, the 
tanner, the confectioner, the chiropodist, the manufacturer 
pf chemical novelties and toilet preparations, the dyer, the 
electroplater, the enameler, the engraver, the provisioner, the 
glass worker, the goldbeater, the watchmaker and jeweler, 
the ink manufacturer, the optician, the farmer, the dairyman, 
the paper maker, the metal worker, the soap maker, the 
veterinary surgeon, and the technologist in general. A book 
to which you ma^ turn with confidence that you will find 
what you are looking for. A mine of information up-to-date 
in every respect. Contains an immense number of formulas 
that "every one ought to have that are not found in any other 
work. New edition. Cloth binding, fS.OO; Half Morocco 
binding, Price, f 4.00 



RUBBER 



BtBPlXBY'S TW1B3NTIBTH CENTURY BOOK 
OF* RECEIPTS, FORMUIiAS AND PROCESSES. 

Edited by Gardner D. Hiscox. Contains upward of 10,000 
practical receipts, including among them formulas on arti* 
ficial rubber. Price, 93.00 

RUBBER HAND STAMPS AND THE MANIP- 
UliATION OP INDIA RUBBER. By T. O'CoNoil 

Sloane. This book gives full details of all points, treating 
in a concise and simple manner the elements of nearly every- 
thing it is necessary to understand for a commencement iil 
any branch of the India rubber manufacture. The making 
of all kinds of rubber hand stamps, small articles of India 
rubber, U. S. Government composition, dating hand stamps, 
the manipulation of sheet rubber, toy balloons, India rubber 
solutions, cements, blackings, renovating varnish, and treat- 
ment for India rubber shoes, etc.; the hektograph stamp inks, 
and miscellaneous notes, with a short account of the dis- 
covery, collection and ^ manufacture of India rubber are set 
forth in a manner designed to be readilv understood, the ex* 
planation being plain and simple. Thira edition. 175 pages. 
Ulustrated. Cloth. Price, fl.OO 



SATVS 



SATir FILING AND MANAGEMENT OF SATITS. 

By Robert Grimshaw. A practical hand book on filing, 
gumming, swaging, hammering and the brazing of band saws, 
the speed, work, and power to run circular saws, etc. A 
handy book for those who have charge of saws, or for those 
mechanics who do their own filing, as it deals with the proper 
shape and pitches of saw teeth of all kinds and gives many 
useful hints and rules for gumming, setting, and filing, and is 
a practical aid to those who use saws for any Purpose. Third 
edition, revised and enlarged. Illustrated. Price, fl.OO 



SCREW CUTTING 

THRBADS AWD THRSSAD CUTTIWG. By Col. 
viN and Stabel. This clears up many of the mysteries of 
thread cutting, such as double and triple threads, internal 
threads, catching threads, use of hobs, etc. Contains a lot of 
useful hints and several tables. Third edition. 

Price, 2S cents 



STEAM ENOINEERINQ 



AMBRICAN STATIONARY BNGINBBRINO. By 

W. E. Ckane. a new book by a well-known author. Begins 
at the boiler room and takes in the whole power plant. Con- 
tains the result of years of practical experience in all sorts 
of engine rooms and gives exact information that cann?*- be 
found elsewhere. It's ^lain enough for practical men and yet 
of value to those high in the profession. Has a complete ex- 
amination for a license. Second edition. 28*5 pages. Illus- 
trated. Cloth. Price, fa.OO 

STEAM BNOINE CATECHISM. By Robert Grim- 
SHAW. This volume of 413 pa^es is not only a catechism on 
the question and answer principle, but it contains formulas 
and worked-out answers for all the steam problems that 
appertain to the operation and management of the steam 
engine. Illustrations of various valves and valve gear with 
their principles of operation are given. 34 tables that are in- 
dispensable to every engineer and fireman that wishes to be 
progressive and is ambitious to become master of his calling 
are within .its pages. It is a most valuable instructor in 
the service of steam engineering. Leading engineers have 
recommended it as a valuable educator for the beginner as 
well as a reference book for the engineer. Sixteenth edition. 

Price, f2.00 

BOIIiER ROOM CHART. By Geo. L., Kowler. A 
chart — size 14 x 28 inches — showing in isometric perspective 
the mechanisms belonging in a modern boiler room. Water 
tube boilers, ordinary grates and mechanical stokers, feed 
water heaters and pumps comprise the equipment. The 
various parts are shown broken or removed, so that the in- 
ternal construction is fully illustrated. Each part is given 
a reference number, and these, with the corresponding name, 
are given in a glossary printed at the sides. This chart is 
really a dictionarjr of the boiler room— >the names of more 
than 200 parts being given. It is educational — worth many 
times its cost. Price, 2S cents 

EMINENT BNGINBBRS. By Dwight Goddard. 
Everyone who appreciates the effect of such great inventions 
as the steam engine, steamboat, locomotive, sewing machine, 
ateel working, and other fundamental discoveries, is inter- 
ested in knowing a little about the men who made them and 
their achievements. Mr. Goddard has selected thirty-two of 
the world's engineers who have contributed most largely to 
the advancement of our civilization by mechanical means, 
giving only such facts as are of general interest and in a way 
which appeals to all, whether mechanics or not. 280 pages, 
35 illustrations. Price, fl.OO 



B3:N^GINE RUNNER'S CATECHISM. By Robert T. 
Gkimshaw. Tells how to erect, adjust and run the princi- 
pal steam eng^ines in use in the United States. The work 
is of a handy size for the pocket. To young engineers this 
catechism will be of great value, especiall]^ to those who may 
be preparing to go forward to be examined for certificates 
of competency; and to engineers generally it "will be of no 
little service, as they will find in this volume more really 
practical and useful information than is to be found any- 
where else within a like compass. 387 pages. Seventh 
edition. Price, $2.00 

MODERN STEAM ENGINEERING IN THEORY 
AMD PRACTICE. By Gardner D. Hiscox. This is 
a complete and practical work issued for stationary engi- 
neers ^ and firemen dealing with the care and management 
of boilers, engines, pumps, superheated steam, refrigerating 
machinery, dynamos, motors, elevators, air compressors, and 
all other branches with which the modern engineer must be 
familiar. Nearly 200 questions with their answers on steam 
and electrical engineering, likely to be asked by the exam- 
ining board, are included. Third edition. 487 pages, 405 
engravings. Cloth. Price, ^3.00 

HORSE POWER CHART. Shows the horse power 
of any stationary engine without calculation. No matter 
what the cylinder diameter or stroke; the steam pressure 
or cut-off; the revolutions, or whether condensing or non- 
condensing, it's all there. Easy to use, accurate, and saves 
time and calculations. Especially useful to engineers and 
designers. Price, 60 cents 

STEAM ENGINEER'S ARITHMETIC. By Col- 
vin-Cheney. a practical pocket book for the steam engi- 
neer. Shows how to work the problems of the engine room 
and shows "why." Tells how to fig^ure horse-power of en- 
gines and boilers; area of boilers; has tables of areas and 
circumferences; steam tables; has a dictionary of engineering 
terms. Puts you onto all of the little kinks in figuring what- 
ever there is to figure around a power plant. Tells you about 
the heat unit; absolute zero; adiabatic expansion; duty of 
engines; factor of safety; and 1,001 other things; and every- 
thing is plain and simple — not the hardest way to figure, 
but the easiest. Second edition. Price, 50 cents 

STEAM PIPES 



STEAM PIPES t THEIR DESIGN AND CON- 
STRUCTION. By Wm. H. Booth. The work is well 
illustrated in regard to pipe joints, expansion offsets, flexible 
joints, and self-contained sliding joints for taking up the ex- 
pansion of long pipes. In fact, the chapters on the flow of 
steam and expansion of pipes are most valuable to all steam 
fitters and users. The pressure strength of pipes and method 
of hanging them is 'well treated and illustrated. Valves and 
b^-passes are fully illustrated and described, as are also flange 
joints and their proper proportions. Exhaust heads and sepa- 
rators. One of the most valuable chapters is that on super- 
heated steam and the saving of steam hf insulation with the 
various kinds of felting and other materials, with comparison 
tables of the loss of heat in thermal units from naked and 
felted steam pipes. Second edition. Contains 187 pages, 
doth. _ ;Price, f2.0G 



STEAM HEATING AND VENTILATING 



PRACTICAIi STE3AM, HOT-TITATBR HBATING 
AND VENTILATION. By A. G. King. This book has 
been prepared for the use of all engaged in the business of 
Bteam, hot-water heating and ventilation. Tells how to get 
heating contracts, how to install heating and ventilating 
apparatus, the best business methods to be used, with "Tricks 
of the Trade" for shop use. Rules and data for estimating 
radiation and cost and such tables and information as make 
it an indispensable work for everyone interested in steam» 
hot-water heating and ventilation. It describes all the prin- 
cipal systems of steam, hot-water, vacuum, vapor and vacuum- 
vapor heating, together with the new accelerated systems of 
hot- water circulation, including chapters on up-to-date methods 
of ventilation and the fan or blower system of heating and 
ventilation. Second edition. 367 pages, 300 detailed engrav- 
ings. Cloth. Price, fS.OO 

500 PLAIN ANSWERS TO DIRECT QUES- 
TIONS ON STEAM, HOT-HTATER, VAPOR AND 
VACUUM HEATING PRACTICE. By Alfred G. 
King. This work, just off the press, is arranged in question 
and answer form; it is intended as a guide and text-book for 
the younger inexperienced fitter and as a reference book for 
all fitters. All long and tedious discussions and descriptions 
formerly considered so important haVe been eliminated, and 
the theory and laws of heat and the various old and modern 
methods and appliances used for heating and ventilating are 
treated in a concise manner. This is the standard Question 
and Answer examination book on Steam and Hot Water 
Heating, etc 200 pages, 127 illustrations. Octavo. 
Cloth. Price, f l.SO 

STEEL 



HARDENING, TEMPERING, ANNEAI.ING, 
AND FORGING OP STEEL. By J. V. WooiywoRTH. 
A book containing special directions for tne^ successful hard- 
ening and tempering of all steel tools. Milling cutters, taps, 
thread dies, reamers, both solid and shell, hollow mills, 
punches and dies, and all kinds of sheet- metal working tools, 
shear blades, saws, fine cutlery and metal-cutting tools of aU 
descriptions, as well as for all implements of steel, both largb 
and small, the simplest, and most satisfactory hardening and 
tempering processes are presented. 320 pages, 250 illustra- 
tions. Fourth edition. Cloth. Price, f 2.50 

STEEL. I ITS SELECTION, ANNEALING, HAR- 
DENING AND TEMPERING. B^ E. R. Markham. 
This work was formerly known as "The American Steel 
Worker," but on the publication of the new, revised edition, 
:he publishers deemed it advisable to change its title to a 
jiore suitable one. This is the standard work on hardening, 
tempering, and annealing steel of all kinds. Thii book tells 
how to select, and how to work, temper, harden, and anneal 
steel for everything on earth. It is the standard book on 
selecting, hardening, and tempering all grades of steel. 
400 pages. Very fully illustrated. Fourth edition. 

Price, 9:2.50 
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